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Inside ESC: Number Three 


know their business...and yours! 


or something special from ESC’s modern research laboratory, 


The men who represent ESC in the field are all top-flight tech- 


nical people in their own right 


. Each is thoroughly conversant 


with the very latest developments in the fast-moving delay line 
field and each stands ready to apply the combined knowledge 


of the entire ESC organization 
Whether you want advice on a 


to your particular problems. 
standard delay line application, 


you can be sure of receiving top engineering talent, prompt 
delivery, and expert, local service. There’s an ESC engineer-rep 
very close to you, wherever you are. Why not discuss your cur- 
rent delay line problem with him now. 
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WRITE TODAY FOR COMPLETE TECHNICAL DATA. 
exceptional employment opportunities for engineers experienced 


in computer components... excellent profit-sharing plan. 


Cc oO ina Pp oO Pea AT g oO cod 534 Bergen Boulevard, Palisades Park, New Jersey 


Distributed constant delay lines » Lumped-constant delay lines + Variable delay networks + Continuously variable delay lines » Pushbutton decade delay lines + Shift 
registers » Pulse transformers » Medium and low-power transformers « Filters of all types * Pulse-forming networks « Miniature plug-in encapsulated circuit assemblies 
For more information circle 1 on inquiry card. 
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new rapid tests 
of SSB 
_transmissions 


with ONE compact 
multi-purpose 
spectrum analyzer 
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simple 
... versatile 
. . . low priced 


Now, in one convenient package, all 
the equipment you need to set up, 
adjust, monitor, trouble-shoot SSB 
and AM transmissions! 


@ Sensitive spectrum analyzer with 
pre-set sweep widths of 150, 500, 
2000, 10,000 and 30,000 cps with 
automatic optimum resolution 
Continuously variable sweep width 
up to 100 ke 
60 db dynamic range 
60 cps hum sidehands measurable 
to —60 db 
Stable tuning head with 2 mc to 40 
me range with direct reading dial 
Two-tone generator with separate 
audio oscillators with independent 
frequency and amplitude controls. 
Output 2 volts max. per tone into 
600 ohm load 
@ Internal calibrating and self check- 
ing circuitry 


ASK for new Catalog Digest and 
the PANORAMIC ANALYZER. 






RADIO PRODUCTS, INC. 


518 So. Fulton Ave., Mt. Vernon, N. Y. 
Owens 9-4600 
Cables: Panoramic, Mt. Vernon, N. Y. State 
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UTSTANDING FEATURES 


ndable, no moving parts. 

ed on front surface viewing 
seen from any angie of viewing. 
m in size and inteniaity 

to read. 







¢ viewing screen insures 
é ee no ing 
a . e of your e to comple- 

_ ment manufacturer’s original 
lipment. 






_’® Colored digits of your choice for 
oe environmental lighting. 
Cape: iy esa units may be assembled - 





in groups for convenient panel 
hs Les a 
_. ® Dimensions: 1-9/16” wide, 
254" high, 554” lon QUANTITY PRICES 
% . % * ON REQUEST 


NEW! LARGE IN-LINE DISPLAY 
Series 80,000 


Offers same outstand- 
ing features as Series 
10,000 In-Line Display, 
but approx. four times 


larger. Easily viewed 
over 100 feet away! 


$3300 each 


Quantity prices available 








ay th TODAY FOR COMPLETE DETAILED SPECIFICATIONS 
_.«., Representatives in principal cities 


INDUSTRIAL ELECTRONIC ENGINEERS. hic 


Engine 






-ers and Manufacturers of 
Fully Automatic Systems and Machines 


3973 Lankershim Blvd., North Hollywood, Calif. 
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Congratulations, 


CONTINENTAL 
CLASSROOM 


T HE last twenty to thirty years have witnessed the 
marshalling of a great body of fundamental 
physical science, concerned with the basic constitu- 
tion of matter. By incidental reading, as engineers, 
technical officers in the Armed Forces, or practicing 
scientists each within our own specialties, we have be- 
come more or less conversant with many of the con- 
cepts current in present-day nuclear, magnetic, and 
solid-state systems. Speaking personally, your editor 
has regretted that he could not afford the time to 
take a well-integrated graduate course in Physics de- 
signed to knit the many separate concepts so received 
piecemeal into one integrated pattern. 

A letter from Colonel Nelson McKaig, USA-Ret, 
now teaching in the Junior College, St. Petersburg, 
Fla., mentioned that he was enjoying a course in 
Nuclear Physics over the local television station, and 
that the name of the program was “Continental Class- 
room.” He stated that although it “met” at the un- 
seasonable hour of 0630, 265 colleges and universities 
all over the United States are offering it for credit. 

Following his suggestion, the program was locally 
“discovered” on NBC channel 11. It is sponsored for 
credit by University of Pittsburgh. The apparent dis- 
advantage of the early hour is actually an advantage 
to concentration and regular attendance, because there 
are few competing distractions or appointments at this 
hour. Conducted by Dr. Harvey E. White of the Uni- 
versity of California at Berkeley, with occasional guest 
lecturers, the course is a masterpiece of scientific 
teaching and a revelation in the educational power of 
television. 

Dr. White expertly paces his lecture, proceeding 
slowly enough for the taking of essential notes. Atten- 
tion of the learner is always focussed on the demonstra- 
tion or the speaker, with a minimum of distraction. 
Closeup camera techniques provide enlarged displays 
of minute equipment details and split-screen photogra- 














DR. JOHN F. BAXTER (right) offering the first color 1 
collegiate credit course, Modern Chemistry," will apear 
on NBS-TV stations starting Sept. 28, 1959. The 1 60-lesso, 
series will open daily at 6:00 AM with a kinescope re-run of 
"Atomic Age Physics" by Dr. White (left), followed at 6:3) 
AM by Dr. Baxter. 300 colleges and universities are expected 
to carry ''Modern Chemistry" for credit. 


phy is used to provide the viewer simultaneous meter 
readings, timer signals, etc. During experiments, the 
viewer takes readings from his own screen, which are 
plotted for verification at the next session. 

For those wishing to receive graduate credit for use 
toward teacher accreditation, sponsoring colleges re- 
quire payment of regular fees and require attendance 
at one Saturday session per month at the local spon- 
soring institution. Written problems are submitted to 
the sponsoring institution and returned corrected by 
the local coordinator. All responsibility for examina- 
tions and accreditation is thus handled locally. 

Although ideally fitted for its primary purpose of 
upgrading High School science teachers, Continental 
Classroom is also recommended for any person who 
feels the need of a thorough recapitulation and review 
in modern concepts of atomic theory, nuclear physics, 
magnetism, spectroscopy, energy, and light. Dr. 
White’s dignified and straightforward treatment en- 
gages and holds the viewer’s interest through each 
half-hour session, Monday through Friday. 

Continental Classroom, which recently won for NBC 
the Sylvania Distinguished Public Service Award, is 
sponsored by the American Association of Colleges for 
Teacher Education, Bell Telephone System, Ford 
Foundation, General Foods Fund, Fund for Advance- 
ment of Education, International Business Machines, 
Minnesota Mining and Manufacturing Co., Pittsburgh 
Plate Glass Foundation, United States Steel and Stand- 
ard Oil of Calif., MILITARY SYSTEMS DESIGN ex- 
tends its compliments to Continental Classroom and 
heartily endorses the further extension of modern sci- 
ence just announced. These courses will not only great- 
ly improve the efficiency of present science teachers 
but should also assist in recruiting into the teaching 
profession many military officers now approaching re- 
tirement. 


C. O. M. 
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ditor, MSD: 


The caption under Fig. 1 of the article “Simulator 
Nevices and Techniques are Varied,” in the Jan-Feb 
sue of MILITARY SYSTEMS DESIGN indicates that 
it has the same target capacity of the older version in 
ig. 2, although it appears to us to have only half the 
apabilities ; that is, three controlled targets. Is this 
orrect ? 









Marvin Slavin, Chief Engineer 
Belock Instrument Corp. 


College Point 56, N. Y. 


We have referred this question to the manufacturer, 
who agrees that the caption supplied with the T2 
icture was incorrect, i adds the following informa- 
tion: “The AN/SPS-T2 radar target generator as now 
constituted consists of (1) a “master cabinet" which 
produces all signals common to all targets and which 
receives from and feeds to the radar switchboard; 
(2) two "target cabinets" (only one was shown in the 
illustration), each containing 3-target capability, and 
(3) where required, a closely-regulated 250 va, 400 
cps power supply. The equipment is also capable of 
producing up to 30 targets by the addition of target 
cabinets. The new equipment performs many functions 
other than target simulation, some of which cannot 
be discussed in context because of security regula- 















tions.” 
W. H. Paine, Mgr. Contract Admin. 
Servonics, Inc., 
Alexandria, Va. 

Editor, MSD: 


In Figure 4 on page 11, 7th article, “Precision 
Trimmer Potentiometers”, January-February issue of 
MILITARY SYSTEMS DESIGN, the curves are 
labeled in reverse of those shown on page 7-6 of the 
Technology Instrument Corporation Potentiometer 
Handbook. Which curves are correct? 


R. W. Hart, Component Application Engineer 
Collins Radio Co. 
Cedar Rapids, lowa 


ry 
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FIG. 4. POWER DERATING curves. 


The author, Mr. Fred W. Aldrich, says the curves in 
the handbook are correct, and that the labeling of the 
curves in our illustration No. 4 should have read: 

Curve 1, for metal housing; curve 2, for plastic 
ousing™’. 

: Thank you, Mr. Hart, for bringing this to our atten- 
ion. 
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Kearfott has available a complete line of pre- 
cision resolvers for every system application. 
Computing resolvers range in functional accu- 
racy from 0.1% to .005%, in bridge accuracy 
from 5 minutes to 20 seconds of arc and in 
size from 11 to 25. Non-compensated resolvers 


KEARFOTT PRECISION RESOLVERS 
FOR EVERY SYSTEM APPLICATION 








accuracy, from 8 to 25 in size. 

All Kearfott resolvers feature stainless housing, 
shafts and bearings and corrosion-resistant 
lamination materials for maximum environ- 
mental resistance. Optional designs available 
for operation at 200°C and in environment of 





range from 5 minutes to 


Computing 
Resolvers 


For applications where size and | A 
good functional accuracy are of 
paramount importance. Functional 


accuracy obtained in this configu- 
ration. 


20 seconds of arc in 2000 cps vibration at 30 g’s. 


2:1 improvement in functional for standard buffer amplifiers. 
Transformation ratio is 1.000 + 


Unit tabulated is the di- .0001, phase shift 0° + 1 minute. 


Available with integral compensating windings. Can be provided 
with trimming networks to match existing isolation 
amplifiers or Kearfott-designed transistorized amplifiers. 


For applications demandin 
highest order of accuracy. 
attention has been paid to design 






























































































hav 


Where size is important. These units 


minutes of arc. 


to achieve system errors of better than 1 minute of arc 
without using 2-speed servos and elaborate electronics. 
By proper impedance matches up to 64 resolver control 


accuracy as good as 0.1% and rect equivalent of standard Navy Functional accuracy of .05% and | porameters. 
bridge errors of 3 minutes of arc BuOrd Mark 4 Mod 3 and con- bridge error of 3 minutes of arc 
are in production. tains necessary trimming network are standard. 
Size 18 _ a0@) ——@1 BALANCED 
A special poostver bw » permite LOAD 
i i t t 
without the necessity for buffer c HAS) Po 
amplifiers. Typical application is 
illustrated in following cascade: RESOLVER RESOLVER RESOLVER RESOLVER 
‘nh’ 
R=RESOLVER C=INTEGRAL COMPENSATOR 
COMPENSATED RESOLVERS FOR PRECISE COMPUTER APPLICATIONS 
Size ii i5 18 25 
PART NUMBER R980-01 R980-41 980-51 980-004 4255061 
Excitation Volts—(Max.) 60 60 26 26 115 
Excitation Volts (Test) 10 10 15 13 25 
Frequency—(cps) 400 400 400 400 400 
Primary Impedance 629 + j2510 | 450 + j2200 | 220+ j1000 | 3000 + j © + 40) | 1630/785° . 
Secondary Impedance 695 +- j2750 | 500 + j2300 | 240+ j1100 | 3000 + j (0 + 40) 1620/80° 
Transformation Ratio 980 980 980 75 oo. 
Ri 2A tae Magee ae | 
ra rmation Ratio ‘ 
Phase Shift (Lead) 8.5° 7.5° 8.5° 0° + 10° 2.1° 
Fundamental Null (MV) 15 15 8 15 15 
Bridge Error From E.Z. (Max.) *7 mins *5 mins. *5 mins. 3 mins. 0.7 mins.- 
Primary Stator Stator Stator me 
*Also available 3 mins. from E.2Z. 
Non-Compensated Basically for application in precise data transmission 
Resolvers systems. These synchro resolvers permit system designer 


transformers can also operate from one resolver transmitter. 


Size 25 


Where highest accuracy is required. 
These units have a maximum error 
as low as 20 seconds of arc. 


e@ a maximum unit error of 3 



































NON-COMPENSATED_ RESOLVERS FOR PRECISE DATA TRANSMISSION 
SIZE 11 SIZE 25 
Control Control 
Type Resolver Transmitter | Differential | Transformer || Transmitter | Differential | Transformer 
Part Number R982-004 R982-002 R982-012 2Z5161-001 Z5191-001 2Z5151-003 
Excitation Volts (Max.) 26 11.8 11.8 115 90 90 
Frequency (cps) 400 400 400 400 400 400 
Primary Impedance 170/77° 95 /80.2° 2000 /80° 400/82° 800 /80° 8500 /82° 
Secondary Impedance 42 /80.5° 110/75.7° 8000 /76° 260/82° 900 /80° 14000/82° 
Transformation Ratio 454 1.000 1.906 -7826 1.000 1.278 
Max. Error from E.Z. 3 mins. 3 mins. 3 mins. 20 seconds | 20seconds | 20 seconds 
Primary Rotor Stator Stator Rotor Stator Stator 
Write for complete data. 4 
KEARFOTT COMPANY, INC., LITTLE FALLS, N. J.. A 
an whaidiory of Legs procuien Savtemnee Seapets : Ke fo tt GENERAL 
es on ngineerin ices: in Avenue, ifton, N. J, 
Midwest Office: 23 W. Calendar Avenue, La Grange, Illinois ea PRECISION 
South Central Office: 6211 Denton Drive, Dallas, Texas COMPANY 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, California 
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and 
Vernistat™ 


is there! 


In this application, Vernistat thinking 
by Eclipse-Pioneer engineers helped 
solve a design problem with reduced 
equipment cost, system complexity, 
and design time. Cost was only a quar- 
ter of that of an alternative method 
utilizing conventional potentiometer, 
isolation amplifier, and d.c. power. 
Use of fewer components reduced 
system complexity, increased accuracy 
and reliability, and saved valuable 
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design engineering man-hours. 

In servo systems, analog computers, 
and similar uses, you too can obtain 
such results with Vernistat a.c. poten- 
tiometers. With this new concept in 
relating shaft position to voltage, you 
get low output impedance (as low as 
45 ohms) with high input impedance 
(as high as 200,000 ohms), plus high 
resolution (to 0.004%), low phase 
shift (as low as 0.2 minutes) , and high 


Perkin-Elmer Gz. 
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Doesn't Vernistat thinking belong in your system design too? 


linearity (to 0.01%). 

In addition to precision a.c. poten- 
tiometers, Vernistat products include 
function generators (adjustable non- 
linear potentiometers), and variable 
ratio transformers. Military specifica- 
tions are met by the wide selection of 
models available. 

Write today for complete details 
and specifications on Vernistat preci- 
sion products. 


. ® 
¥Vvern istat— a new design concept that unites in one compact device the best of both the 
precision autotransformer and the multiturn potentiometer. 





767 Main Avenue, Norwalk, Conn. 
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SIDE SECTION BUTTON SWITCH 


FIG. |. NARROW TEMPERATURE differential ang 
high repeatability requirements in miniature size 
were met in new Button Thermal Switch designed for 
military fire detection and overheat applications, 


Button Thermal 


BUTTON-SIZED thermal switch is being used 
A with a new high-temperature technique to sts 
bilize operation of electronic components where such 
equipment is exposed to a wide ambient temperature 
range. The problem of variation in operating char- 
acteristics of components resulting from temperature 
change has been around for a long time. More re 
cently transistors have created their own set of prob: 
lems regarding ambient temperatures. Since equip: 
ment for military uses in particular must operate 
under wide extremes of geography and altitude, main- 
taining 70°F ambient is often infeasible. A recent 
solution has been to design equipment for operation 
at 130°F, a temperature easier to maintain than 70°F 
because cooling is then accomplished using simple 
ventilation without cryogenics or refrigeration. 
Control Products, Inc., Harrison, New Jersey, was 
asked to design a small bimetal thermal switch which 
could easily and conveniently be mounted in the small 
odd spaces available in electronic and missile contrd 
units. Built-in characteristics of 1°F in temperature 
differential and repeatability were required. A cali 
bration tolerance of 1°F for production units wa 
further specified. 
Their solution is the “Button” switch, with applic« 
tions for precise temperature measurement of malty 
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FRONT SECTION BUTTON SWITCH 


FIG, 2. HERMETRICALLY SEALED construction 
and high temperature materials make the Button 
Thermal Switch at home in temperatures to 600°F, 
and immune to all environments. 


Switch Designed to 


airborne and missile applications. Basically a bimetal 
thermal switch, it operates on the differential expan- 
sion principle as opposed to snap-action. The unit 
can be supplied with contacts for either close-on-rise 
(to start ventilation) or close-on-fall (to actuate heat- 
ers) (Fig. 1) and can be calibrated at any temperature 
from —20°F to 600°F. 

This switch provides the very narrow temperature 
differential (difference between closing and opening 
temperatures) necessary for fire detection or overheat 
applications. The requirements for temperature dif- 
ferential and repeatability were met (1°F.). Re- 
sponse time varies from very fast to delayed accord- 
ing to a number of factors involved in installation 
and application. 

Its configuration, weight and size are the most sig- 
nificant physical features for military equipment de- 
signers. The switch can be mounted by lugs, soft 
soldered directly to or recessed into the surface to be 
controlled. Weighing 14 ounce, the lower portion of 
the switch is 34” in diameter and the upper portion 
is 25/32” to permit seating the unit in a recessed 
mounting. The overall height is 34” including the 
glass-sealed terminals and bushings (Fig. 2). The 
tugged construction of the bimetal element and con- 
lacts is shown in Fig. 3. Switch contacts are conserva- 


tively rated for 1 ampere resistive at 28v de or 115 
V ac, 
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FIG. 3. DISMANTLED BUTTON SWITCH shows 
high-strength bimetal element and husky construc- 
tion throughout. Assembled unit compares in size 
with man's ring. 


Missile Specs 


Either factory calibrated or field adjustable switches 
are available. Both types are hermetically sealed. The 
housing is stainless steel with welded joints and brazed 
glass seals. No low temperature solder is used in the 
construction of the unit; so that the switch can tolerate 
either a momentary overshoot to 800°F or undershoot 
to —100°F. 


Other Thermal Switches 


The special characteristics for the Button switch 
answer certain particular military requirements. In 
this same area of minimal temperature differential 
switches, other switches offered by Control Products 
include a super-high-temperature line which can be 
calibrated up to 2200°F. Still other units can be cali- 
brated as low as —50°F. A possible close temperature 
tolerance of 1°F. can be maintained for many units. 
For any given switch temperature differential and re- 
peatability is about 1°F. Most of the line are either 
plug or probe types. One unit is hermetically sealed 
yet is field adjustable. All Control Products’ thermal 
switches meet shock and vibration tests of MIL-E- 
5272A, Procedure I, and are available in plate or 
screw thread mounting, single or 2-wire construction. 
Contacts may be arranged for either close-on-rise or 
close-on-fall in temperature. 
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2. Simple 
ROBOT set- 









up with 30 ft.. 
1. Fully Automatic ROBOT back and 
35mm Camera with built-in spring boos- 
motor. 20 exposures without oe = 
rewinding. ef pe ome 

AUTOMATIC 

operations. 


«Tas ° 
GEARED FOR AUTOMATIC PHOTOGRAPHY! 


Engineered to meet the highest 
industrial standard, ROBOT’s pre- 
cision recording equipment sets 
it apart from all other cameras. 
Here’s a 35mm camera, geared 
for fully AUTOMATIC photography, 
that forms the nucleus of a com- 
plete Electro-Automatic Photo- 
Recording System. 


Whether your work calls for the 
AUTOMATIC camera alone (1), the 
simple-set-up (2), or the com- 
plete system (3), you'll find the 
ROBOT “construction-unit” prin- 
ciple unchanged: ONE BASIC AUTO- 
MATIC camera that can be sup- 
plemented by additional ROBOT 
accessories to meet any specific 
photo-recording requirements. 





3. Complete ROBOT Electro-Automatic 


Photo-Recording System, includes: 
ROBOT-KULI camera support, remote 
release, 200 ft. back, electric booster 
motor, transformer and timer—for 
AUTOMATIC photo-recording . . . up to 


3200 exposures! 





ROBOT REGISTERS RAPIDLY, RATIONALLY, REPEATEDLY! 
FROM $229.00 ‘ 
See your franchised ROBOT dealer or karl heitz 











write for free illustrated brochure MSR-5 


480 LEXINGTON AVE., NEW YORK 17 © YUkon 6-4920 
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MORE THAN 


3000 
t125°C 


...and still running! 

















NEW 
Tube 
Axial 
Blower 


Here’s a miniature tube axial blower that withstands the 
most rigid MIL specifications! Tests at 125°C and under 
extreme shock and vibration conditions, have exceeded 
3000 hours, with no sign of failure. The motor is EAD’s 
rugged, 400-cycle 208-volt induction motor, run at a con- 
stant speed of 7200 rpm. Write for complete information 
on this peak-performance blower assembly, 


€£D EASTERN AIR DEVICES, INC. 


Subsidiary of Norbute Corporation 
345 CENTRAL AVE., DOVER, NEW HAMPSHIRE 
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I SOUTHERN New Mexico lies the largest inland 
missile testing area in the United States, the White 
Sands Missile Range, operated by the Department of 
the Army and used jointly by Army, Navy and Air 
Force agencies. This sprawling 4,000 square mile 
area (Fig. 1) located in a near-zero population density 
area called the Tularosa Basin, is bounded on the west 
and east by 9,000 to 10,000 foot mountain ranges. It 
encompasses the famous White Sands National Monu- 
ment to the south, and to the north, the historic site 
of the first atomic bomb detonation. This New Mexico 
area is noted for excellent year around weather, a 
prime factor to be considered in missile testing with 
visibility averaging more than ten miles, 97 percent 
of the time. Unlike some other ranges, the excellent 
atmospheric conditions in this area are responsible 
for the extensive use of optical instrumentation devices 
to record missile flight data. The mountain ranges 
look down upon a desert plateau which provides a 
firing platform almost completely devoid of vegetation 
or other obstruction, furnishing a natural locale for 
instrumentation where flight of guided missiles can 
be effectively tracked, photographed and _ recorded 
from firing to impact. 


. 
c= = 





FIG. 1. INTEGRATED RANGE White Sands Proving Ground. 


MISSILE RANGE INSTRUMENTATION 


Robert Lovell 
Land-Air, Inc. 


Mr. Robert Lovell, Assistant Manager of Land-Air, Inc., as Direc. 
tor of Field Measurements, is responsible for test range instru. 
mentation for about 75% of the White Sands Missile Range. 
Graduating in E. E. from the University of Michigan in 1943, Mr. 
Lovell served as shipboard Radar and Electronics Officer and 


Navigator. He currentl 


holds the rank of LCDR in the Naval Re- 


serve. He has been affiliated with Land-Air, Inc., since 1949, and 
has also served as research engineer with North American Aviation, 
Inc., at Holloman AFB, New Mexico. This article describes only those 
systems which are operated by Land-Air, Inc. at the White Sands 


Missile Range. 


The government-furnished test instrumentation fa- 
cilities available at the White Sands Missile Range for 
missile flight testing and data collection are operated 
in the central and northern portions of the range by 
Land-Air, Inc., a civilian contractor employed by the 
Ordnance Corps of the Department of the Army. In 
the southern portion of the range, the instrumentation 
is operated by government (military and civilian) per- 
sonnel. Land-Air, Inc., a pioneer company in missile 
range development and operation, has acquired over 
ten years’ experience in the unique and specialized 
business of missile instrumentation at the White Sands 
Missile Range. 

To accomplish this highly intricate business of track- 
ing missiles, the personnel of Land-Air, Inc. operate 
what is probably the greatest concentration of optical 
and electronic tracking and data gathering devices 
ever assembled on a test range. The highly complex 
equipment used in this work includes optical systems, 
such as cinetheodolites, tracking telescopes and fixed 
cameras; electronic trajectory measuring systems, such 
as Miran, Dovap and reflection doppler radar; telem- 
etry ground stations; a timing and communications 
complex; a complete photographic processing plant 





and the necessary supporting activities such as a fleet 
of over 150 vehicles used for range transportation. 


Missile Flight Phases 


There are three major phases of any missile flight: 
Launch phase, mid-course phase and target or terminal 
phase. For each of these flight phases, the type of in- 
strumentation used must be chosen to obtain the exact 
data required by the missile project. In general, fixed 
optical systems are used for launch data where per- 
formance must be measured with a high degree of 
precision. Under certain conditions, optical recording 
is supplemented by the use of CW Doppler type radar. 
For the mid-course phase where less precise measure- 
ments are required, instrumentation may be provided 
by one of the electronic trajectory systems or in con- 
junction with cinetheodolites and long focal-length ob- 
jective telescopes. For the terminal or target phase, 
once again the need for exact measurements may arise. 
To meet this requirement, non-tracking optical instru- 
mentation may be used when missile events can be 
accurately predicted; or, precision optical and elec- 
tronic systems may be used to follow the missile and 
obtain data when the terminal phase may occur within 
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a larger area than can be economically or feasibly 
covered with fixed instrumentation. 


Optical Instrumentation 

The purpose of the optical instrumentation in use 
at the White Sands Missile Range is the photographic 
recording of missile performance. From these records, 
target position, velocity, acceleration, roll, pitch, yaw 
and chronology of events can be determined. Three 
general types of optical measurements systems— 
cinetheodolites, tracking telescopes and fixed cameras 
—are operated by Land-Air, Inc. 


Cinetheodolites 


The Askania Cinetheodolite (Fig. 2) is a precision 
position-measuring device which combines the func- 
tions of a theodolite with a sequence picture camera. 
These instruments photographically record the azimuth 
and elevation angles of the line of position from the 
station to the target. The position of the target is 
determined by combining the lines of position from 
two or more stations. Velocity and acceleration can 
then be derived from this position data. The basic 
equipment is manufactured in Germany and has been 
modified in this country to serve the specialized needs 
of missile instrumentation. Frame rates of five per 
second down to one per two seconds are available 
which give recording durations of from 314 minutes 
to approximately 36 minutes. The frame rate to be 
used is dependent upon the length of flight to be cov- 
ered and the frequency of data sampling required. Ob- 
jectives used with these instruments range in size from 
20 inches to 300 cm. A small missile approximately 
six inches in diameter and five feet in length and 
equipped with tracking aids can be recorded by the 
cinetheodolites at slant ranges up to 70,000 feet, while 
a medium sized aircraft can be recorded up to 25 
miles. Thirty-three active cinetheodolite stations are 
presently being operated by Land-Air, Inc. 

BRL-NGF High Speed Cinetheodolites have recent- 
ly been introduced to the range to supplement the 
Askania Cinetheodolites. These instruments have re- 
cording rates to 40 frames per second and a longer 
focal length objective. 


Acquisition Aids 


As missiles go higher and faster, aids for acquisi- 
tion for the tracking optical instrumentation become 
mandatory. These aids, either visual or electronic, 
make possible missile firings on days of marginal visi- 
bility and thus increase range scheduling effectiveness. 
Visual tracking aids in current use at the White Sands 
Missile Range include smoke, flares and fluorescent 
paints. A second method of acquisition, developed by 
the Signal Corps, is an electronic system in which the 
position of the target, provided by radar, is converted 
to voltages representing its position in a rectangular 
coordinate system. These voltages are coded and trans- 


ay-June, 1959 


mitted on a radio link to the tracking stations where 
they are converted to azimuth and elevation values 
from the station to the target for display on center 
zero galvanometers. Center position on both gal- 
vanometers indicates to the tracking operator that 
his instrument is pointing directly at the target. 


Tracking Telescopes 


Tracking telescopes, often referred to as “attitude 
and event cameras”, are used for a great number of 
purposes such as securing historical records of per- 
formance, intercept miss-distance, missile attitude, 
aspect and angle of attack, and any number of other 
items generally designated as attitude and event data. 
Telescope data is correlated with that produced by 
other systems by means of standard periodic and coded 
time signals generated by the range time standard. 
These instruments, equipped with long focal length 
objectives, may be used to cover the initial portion of 
a flight as well as being located along the flight line 
to cover the middle and terminal phases of the flight. 
The tracking telescope system operated by Land-Air, 
Inc. includes Turrets, Intercept Ground Optical Re- 
corders (IGOR), and Terminal Trajectory Telescopes 
(TETRA). 

The Turret tracking camera (Fig. 3) consists of a 
modified B-29 gun turret mounting a long focal length 
objective and using a Mitchell 35-mm High Speed 
Motion Picture camera for recording. The turret unit 
with the camera and objective is controlled direction- 
ally by a selsyn-servo system from signals furnished 
from a pedestal sighting station. The sighting station 
includes a sighting aid which is directed by the opera- 
tor to follow objects at high tracking rates. A 40-inch 
objective is commonly used. The turret is tracked by 
one man and is capable of moving the camera and 
objective at higher angular rates than is possible with 
a hand-panned camera. The recording range of the 
turret is up to 10 miles on a 6 inch diameter missile 
and up to 25 miles on a large size aircraft. All turrets 
are trailer mounted for optimum portability. 

The JGOR (Fig. 4) consists of a mount, a folded 
Newtonian reflecting telescope and a recording camera. 
The mount is modified from a US Navy 5-inch gun 
mount. The Newtonian optical system has a focal 
length of 96 inches and a 16-inch diameter primary 
mirror. A Mitchell 35-mm High Speed Motion Picture 
camera is used as the recording camera, while a Fastax 
camera can also be mounted to record thru the main 
objective or can be mounted below the objective with 
a 10 or 15 inch lens as an auxiliary recording system. 
Two tracking operators are required, one for azimuth 
and the other elevation. The IGORs are equipped to 
utilize the electronic acquisition data system in the 
same manner as the cinetheodolite equipment. Eight 
IGORs are operated by Land-Air, Inc. on the northern 
portion of the range. Recording range of the IGORs 
is 50 to 100% greater than the Turret. 



































































FIG. 2. ASKANIA CINETHEODOLITE combines 
functions of a theodolite with those of sequence 
picture camera. 


FIG. 3. TURRET TRACKING CAMERA consists of 
modified B-29 gun turret mounting a Mitchell 35-mm 
High Speed Motion Picture Camera with long focal- 
length objective. 





FIG. 4. IGOR (Intercept Ground Optical Recorder) 
utilizes modified Navy 5-inch gun mount with folded 
Newtonian reflecting telescope and uses both 
Mitchell 35-mm high speed and Fastax motion pic- 
ture cameras. 








Very similar to the IGOR instrument is the Terminal 
Trajectory Telescope (TETRA). This instrument (Fig. 
5) is used to provide historical records, firing error 
indicator data in the form of vector miss-distance, 
missile attitude, aspect and angle of attack and rough 


(selsyn) trajectory data. It consists of a modified 
Navy 5-inch gun mount which mounts a folded New- 
tonian telescope of 84 inches focal length with an 18 
inch primary mirror mounted on a tubular frame 
work. A 70-mm Mitchell High Speed Motion Picture 
camera with frame rate capabilities of 10 to 60 frames 
per second is used for recording. An auxiliary ultra- 
high-speed Fastax motion picture camera can also be 
mounted beneath the tube for simultaneous recording. 
Four TETRAs have been installed to date on the 


northern portion of the range. 


Fixed Cameras 


Several types of cameras are currently used as fixed 
cameras to record photographically missile trajectory 
and documentary data on the initial phases of ground 
launched missiles or the terminal phase just prior to 
impact. These include: Clark Ribbon Frame, RC-2 and 
CZR-1 Ribbon Frame and Ballistic Cameras used pri- 
marily for trajectory measurements; and the 1B and 
5B Photosonic 70-mm Data Cameras, Mitchell 35-mm 
High Speed Motion Picture Camera and Fastax 16- 
and 35-mm Cameras, used to obtain event type data. 
These cameras are fixed mounted and oriented to cover 
a pre-determined portion of the missile trajectory. 
Using the Ribbon Frame cameras, the position of a 
missile is determined by combining lines of position 
from two or more cameras covering the same portion 
of the trajectory. Velocity and acceleration data are 
derived from the position data. Data from these 
cameras are more accurate than those obtained from 
other optical sources, because the cameras are fixed, 
installed closer to the flight path and record at a high 
frame-rate. Target boards are installed at the stations 
for reference markers and are so placed that the cam- 
era will view both the target boards and the missile 
trajectory. In addition to the Ribbon Frame cameras, 
used to obtain trajectory data on ground launched mis- 
siles, another source of precision position data for high 
altitude missiles are the Ballistic Cameras. These 
cameras have a wide field of view and record data on 
stable glass plates. In order to obtain data to the 
accuracy of which the cameras are capable, night op- 
erations are required; however, the system is not 
limited to night time usage. 

Fixed Event cameras are frequently located in the 
vicinity of the missile launchers with a focal length 
objective chosen to record the desired events. Fastax 
cameras are used to record permanently for later study 
and analysis, phenomena too fast for the human eye 
to discern. Their high frame-rate stops motion, there- 
by magnifying space and time. The Mitchell cameras 
are also often used for documentary type coverage 
and provide lower recording rates, but better picture 
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quality than the Fastax cameras. Photosonic cameras 
are also available and produce picture quality com- 
parable to the Mitchell cameras, but at frame rates up 
to 400 per second. The fixed cameras are often re- 
motely controlled from a blockhouse or other safe 
area, since they are usually located close to the launch- 
ing area. 


Electronic Trajectory Systems 

On the central and north portion of the White Sands 
Missile Range, Land-Air, Inc. has the responsibility 
for operation of five electronic trajectory measurement 
systems in support of missile tests. These systems are 
AN/MSQ-1 radar, Miss-Distance Indicator, Miran, 
Dovap and Velocimeter. Although basic range radar 
requirements are fulfilled by the Signal Corps chain 
radars which serve the entire proving ground, Land- 
Air, Inc. operates three AN/MSQ-1, S-band special 
purpose radars. These consist of modified SCR-584 
radars with special computers. The characteristics of 
the system are classified. Also, an Anti-Aircraft Fire 
Control System (M-33) radar consisting of an X-band 
tracking radar, an S-band surveillance radar and a 
plotting-board van, is assigned to Land-Air for opera- 
tional responsibility. It searches the area surrounding 
Holloman Air Force Base to report and plot positions 
of all aircraft on the range or threatening to penetrate 
the range. 

The Naval Ordnance Laboratory Miss-Distance Indi- 
cator (NOL-MDI) system is used to measure miss- 
distance and relative velocity measurements on missile- 
drone intercepts. The system consists of a transponder 
in the drone, a telemetry transmitter in the missile, 
and a ground station. In operation, the FM trans- 
mitter in the missile emits a signal which is received 
by the drone transponder. and the ground station. The 
signal received by the transponder differs from the 
signal transmitted from the missile by the amount of 
the Doppler frequency shift which is positive if the 
missile and drone are converging and negative if they 
are diverging. In the transponder, the received signal 
is beat against an internally generated signal. The 
difference frequency is then transmitted to the ground 
station. At the ground station, the drone and missile 
signals are mixed, fed through a discriminator and 
then recorded. “Quick look” data are available within 
minutes of the firing. This system provides a minimum 
miss-distance accuracy of + 10 feet or 10%, which- 
ever is greater. 

MIRAN (Missile Ranging) is an omni-directional 
pulse time system for determining the position of a 
vehicle in space through triangulation between a 
master station, several slave stations and an airborne 
beacon. Miran data is recorded in three ways; as 
instantaneous trajectory plots from an analogue com- 
puter, by photography of range scopes showing loop 
range’ and through a digital computer which digitizes 
the range times, recording them on magnetic tape. 


This system consists of five slave stations and one 
master recorder station and is capable of determinip 
missile position over a range of 80 to 100 miles from 
the master station. Because omni-directional antennas 
are used, no tracking or following is required and 
acquisition is automatic and instantaneous. 

DOVAP (Doppler Velocity and Position) is ap 
omni-directional doppler system which provides ae. 
curate velocity, acceleration and position data of g 
missile in space. The system consists of ground sta. 
tion CW transmitters, ground recorder stations, a net. 
work of ground receiver stations, and an airborne 
beacon. In operation, the missile beacon receives the 
signal as transmitted from the ground station trans. 
mitter, doubles the frequency and retransmits. Ground 
receiver stations receive the signal from the missile 
and beat it against the first harmonic of the original 
signal received from the ground transmitter. The beat 
difference is the Doppler frequency; each beat means 
a change of radio path of one wavelength or about 6.6 
feet. The data output of the system is collected at the 
recorder station in the form of oscilloscope presenta. 
tions of the doppler output of each receiver station 
and is recorded photographically and on magnetic 
tape. Land-Air, Inc. has the responsibility for the op- 
eration of thirty-three receiver stations, two recorder 
stations and four transmitter stations within this 
system. 

The Velocimeter (Fig. 6) is a CW directional S.- 
band frequency system using the reflection radar prin- 
ciple to determine the radial velocity of a body at any 
precise moment in time. This equipment is used to 
provide radial velocity information with a high degree 
of accuracy, from launch to burnout, on ground 
launched missiles and rockets. The basic doppler radar 
as developed during WW II has been extensively modi- 
fied to increase its capabilities to meet missile instru- 
mentation needs. As used in the range instrumenta- 
tion complex, the doppler output of the velocimeter is 
sent over wire lines to a mobile recording van where 
the data is recorded on magnetic tape. This tape may 
be played back through a tracking filter into an oscil- 
loscope for photographic recording and subsequent 
data reduction. 


Telemetry 

To provide telemetry recording of in-flight data to 
missile contractors operating on the central and north- 
ern portion of the range, Land-Air, Inc. operates ex- 
tensive ground recording, relay and check-out facili- 
ties. At the primary ground recording station, located 
approximately ten miles north of Holloman Air Force 
Base, four FM/FM ground stations (Fig. 7) are avail- 
able, including three equipped for decommutation. 
Using all available recording media, 146 separate 
pieces of missile intelligence can be recorded at any 
one time. In addition to the FM/FM ground stations, 
a complete capability for recording both PDM/FM 
and PPM/FM telemetry is provided. To extend the 
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range of this primary station, both fixed and mobile 
relay stations are employed, the latter which may be 
located at any point on the range which has line of 
sight with the primary station. Four additional sec- 
ondary recording stations are located throughout the 
range to provide complete coverage on missile flights 
regardless of where they occur and to enable simul- 
taneous missions to be conducted. 

At the FM/FM ground station which is the “work- 
house” of the system, the composite radio frequency 
signals from the missile are received and demodulated, 
leaving the complex RF sub-carrier frequencies. These 
are, in turn decommutated, if required, and the out- 
puts fed to a patch panel for distribution to the re- 
cording oscillographs or to recorders which provide 
“quick-look” data. Provision is available for monitor- 
ing a number of pre-selected functions throughout the 
flight by missile testing personnel at one or more re- 
mote locations. The composite telemetry signal is also 
recorded directly onto high precision magnetic tape 
recorders, in addition to the recording of the sub-car- 
riers and decommutated functions. Ground stations 
use specially constructed 6- or 714-turn helix antennas 
which deliver an approximate forward gain of 8 db 
as compared with a standard dipole. The two prin- 
cipal telemetry systems in use at the White Sands Mis- 
sile Range, FM/FM and PDM/FM, operate in the 
frequency spectrum 216-245 mc. This frequency spec- 
trum is so widely used that all frequencies within the 
band are scheduled on a time-sharing basis. As an ad- 
ditional facility to expedite the missile contractor’s pre- 
flight tests and to reduce “on the air” time, two com- 
plete closed-loop check-out vans have been made 
available. Each van houses a complete ground sta- 
tion and is independent of any outside support. These 
vans have been extremely useful in helping to relieve 
telemetry frequency congestion, thus permitting more 
range time for actual missile firings. 


Timing 

The analysis of missile flight data requires that col- 
lection instruments be controlled precisely with respect 
to time. These instruments fall generally into two cate- 
gories—synchronized and free running. In the former, 
data points are taken simultaneously by a group of 
instruments. For this purpose, a synchronizing signal 
must be provided to all instruments on the system to 
control motor speed or shutter operation. With free 
running instruments, timing signals are recorded along 
with the data to provide correlation. Four timing 
generators, designed and built by Land-Air, Inc., are 
in operation on the White Sands Missile Range. Two 
are located in the central portion of the range and op- 
erated by Land-Air, Inc.; the others are located on 
the south portion of the range. The timing generators 
are all synchronized, and in addition, time signals may 
be “trunked” from either of the generators to the 
other, and “repeated” on the other’s timing distribu- 
tion system. Thus, data collected at any point on the 
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FIG. 5. TETRA (Terminal Trajectory Telescope) mounted 
on 5-inch gun mount similar to IGOR has wider field and 
pitti 


ates Mitchell 70-mm high speed camera. 


range may be referenced to a common time base. 

The timing system is a decimal-weighted binary sys- 
tem providing periodic signals between 5000 cps and 
1 cycle per 100,000 cycles plus several elapsed-time 
codes. The generator consists of a temperature-regu- 
lated crystal-controlled 100-ke oscillator standard and 
a train of 10 decade dividers. The frequency standard 
may be zero-beat against one of the assigned frequen- 
cies of Radio Station WWV, National Bureau of Stand- 
ards. The long term (24 hour) accuracy of the fre- 
quency standard is 1 part in 10°. Short term ac- 
curacies, of 1 part in a 2 x 10’ or better, may be 
realized. The 100-kc output of the frequency standard 
is divided to successively lower rates by means of 
decimal-weighted Eccles-Jordan binary dividers. Each 
divider provides the one-fifth, the one-half and the 
one-tenth rate of the input frequency to that particular 
divider. 

A great variety of pulse rates, codes and combina- 
tions of periodic and code rates are possible from the 
signal generator. Timing pulses, in the form of rec- 
tangular voltage pulses one millisecond in duration, 
are amplified for wire transmission and are either fed 
directly to instrument stations or to redistribution sta- 
tions where they are further amplified and distributed 
to stations in that area. All wire facilities are supplied 
by the Signal Corps, whether cable, pole lines or field 
wire. At the instrument stations, the bi-polar timing 
pulses are normally received on an amplifier, reshaped 
and separated by polarity into two separate sets of 
signals for operating or recording in the station equip- 
ment. Multi-channel radio facilities are also available 
for timing distribution to remote stations without wire 
facilities. For this purpose a 19-channel multiplex 
system is employed. 


Communications 


To support missile tests at the White Sands Missile 
Range through making possible the complete exchange 




















FIG. 6 VELOCIMETER is CW radar determining the 
radial velocity of any object at a precise moment in 
time. Output is sent over wire line to tape recording 
station. 





FIG. 7. TELEMETRY FM/FM equipment at one of four 


ground stations. Extensive magnetic tape recording fa- 


cilities (not shown) are also available. 


of information between the agencies conducting the 
test and the instrumentation involved, an extensive 
communication complex is required. This communica- 
tion system consists of wire line intercoms, field tele- 
phones and radio links. Stations accessible to wire 
line facilities are equipped with loudspeaker intercom 
sets, while those beyond the reach of wire service 
utilize radio sets, working either directly with the 
control center or through an automatic repeater sta- 
tion located in the north range. The field telephone 
network is used primarily to provide communications 
between missile contractors and instrument stations for. 
pre-mission check-outs. Additional and extensive com- 
munication facilities operated by Land-Air for spe- 
cialized instrumentation purposes, include both mobile 
radio and ground-to-air communications, and micro- 
wave links used for both data transmission and com- 
munications. 
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In EXwGp ers Circuitry Tests: 


DIT-MCO Is Faster and More 
Reliable Than Other Methods 


Take tape read-out tests, for example. This method requires extra machines to 
translate test information or a genius to remember the code used on the tape. 
Either way, it’s a costly process. Compare this to the DIT-MCO Automatic Circuit An- 
alyzer and its exclusive Matrix Chart. 





The DIT-MCO Circuit Analyzer performs the entire test itself. There’s no need for 
complex machines to translate test information. All data concerning errors, circuit 
numbers, type of flaws, etc., appears on the Matrix Chart, so there’s no need for 
complicated wiring diagrams or charts! And, the DIT-MCO Circuit Analyzer checks 
one circuit against all others... over 2,000 in about three minutes... with accu- 
racy never before possible in any test system. 


Some testers are a maze of colored, flashing lights. Operators of such test ma- 
chines must refer to 100, 500 or even 1,000 miniature lights to try and locate errors. 
Charts and diagrams must also be used... with a resultant high number of 
human errors. 


The DIT-MCO Circuit Analyzer injects human decision into every test but in such a 
way that chances of human errors are nil. The easy-to-read Matrix Chart employs 
only two lights to quickly pinpoint every circuitry flaw. Yet, anyone, with less than 
one hour's instruction, can operate the DIT-MCO Automatic Circuit Analyzer and 
perform test functions once thought impossible! 


These are just a few reasons why 
DIT-MCO is faster and more reli- 
able than other methods in elec- 
trical circuitry tests. Why not get 
the complete story? Write today 
for free Matrix Chart booklet. 


DIT-MCO, INC. 


ELECTRONICS DIVISION 


Box 06-27, 911 Broadway 
Kansas City 5, Missouri 





Partial List of DIT-MCO Users 


Aircraft Radio Corp. @ AiResearch Manufacturing Co. @ American Bosch Arma Corp. @ American 
Machine & Foundry Co. @ American Motors @ Amphenol Electronics Corp. @ Autonetics, A Division 
of North American Aviation, Inc. @ Bell Aircraft Corp. @ Bendix Aviation Corp. @ Boeing Airplane 
Co. @ Cessna Aircraft Co. @ Chance Vought Aircraft, Inc. @ Chrysler Corp. @ Convair @ Douglas 
Aircraft Co., Inc. @ Dukane Corp. @ Electronic Products Corp. @ Fairchild Aircraft Division 
@ Farnsworth Electronics Co. @ Frankford Arsenal @ General Electric Co. @ General Mills, Inc., 
Mechanical Division @ General Precision Laboratory, Inc. @ Goodyear Aircraft Corp. @ Grumman 
Aircraft Engineering Corp. @ Hazeltine Electronics Division, Hazeltine Corp. @ Hughes Aircraft 
@ International Business Machines Corp. @ Jefferson Electronic Products Corp. @ Lockheed Aircraft 
Corp., Missile Systems Division @ Martin, Baltimore @ Minneapolis-Honeywell, Aeronautical Division @ 
Motorola, Inc. @ Northrup Aircraft, Inc. @ Pacific Mercury Television Mfg. Corp. @ Radio Corp. of 
America @ Radioplane Co. @ Raytheon Manufacturing Co. @ Servomechanisms, Inc. .@ Sikorsky 
Aircraft @ Sperry Gyroscope Co. @ Summers Gyroscope Co. @ Sun Electric Co. @ The Swartwout Co., 
Autronic Division @ Temco Aircraft Corp. @ Thompson Products @ Topp Industries Inc. @ Trans World 
Airlines @ U. S. Naval Air Station Overhaul and Repair Depots @ U. S. Naval Ordnance Laboratory, 
White Oak @ Vertol Aircraft Corp. @ Western Electric Co. @ Westinghouse Electric Corp. 


For more information circle 10 on inquiry card. 





Guidance Components for 
Space Probe Missiles 


Precise control from launching to ultimate destina- 
tion is the prime requirement for the successful 
achievement of missile objectives, including that of 
the space probe. One of the leading designers of pre- 
cision electromechanical components for missile guid- 
ance, the Kearfott Company, Inc., of Clifton, N. J., 
has worked closely with the Army Ballistic Missile 
Agency (ABAMA) Redstone Arsenal, Alabama to 
standardize and improve both the guidance systems 
and their components through advance design con- 





FIG. 1. SPECIAL COMPONENT combines motor 
generator, gearhead, potentiometer and slip-clutch 
in one package for improved operation and space- 
weight savings. 


cepts and new fabrication techniques. This effort, 
coupled with the experience constantly accumulating 
in the fields of guidance, control, telemetering, track- 
ing, computers and other missile and space vehicle 
components, has resulted in the utilization of a wide 
variety of Kearfott products in virtually every opera- 
tional space vehicle administered by the U. S. Army 
Ordnance Missile Command, including the space 
probe. 

The space-probe shots, Pioneer I through IV, have 
been accomplished under the sponsorship of the Na- 
tional Aeronautics and Space Administration, imple- 
mented by the scientists and facilities of Army’s 
Ordnance Missile Command at Redstone Arsenal, Ala- 
bama. This cooperative arrangement, specified by the 
National Aeronautics and Space Act of 1958, has 
enabled the Redstone Missile team to make an im- 
pressive contribution to peaceful and scientific ex- 
ploration of space at the same time that they have been 
functioning as a leading agency in the development 
of military missiles. 

Although each of the earlier Pioneers were success- 
ful in returning valuable space data, the 13.4 lb 
Pioneer 1V made history on 3 March 1958, when it 
became the first sun satellite to be launched by any of 
the free nations. It was tracked for 82 hours for a 
distance of 407,000 miles before its signals faded. 
Measurements of radiation in space were among the 
valuable data returned to earth via its three sub-carrier 
telemetry system. 
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by Allan Lytel. A valuable working tog. 
includes alternative and recommended 
practice for each step in design and pro. 
duction of printed circuits: 2 buyer; 
guide to special components; and “hoy 
to" service data. Paperboard, illustrated 
192 pages, 1957. $2.0 


Electronics Circuitry for 
Instruments and Equipment 


by M. H. Aronson. “Comprehensive 
source book on instrument circuitry,” this 
complete home-study text includes 45 
multiple-choice questions (and answers) 
215 illustrations, 10 tables, comprehensive 
index. Paperbound, 324 pages, 1957 (re. 
vised edition). $2.0 


The Computer Handbook 


edited by M. H. Aronson. A clear intro. 
duction to the entire field of electronic 
computers and data processors. Presents. 
tions by computer manufacturers at the 
Second Computer Clinic. Paperbound, 72 
pages, 1956. $2.00 


Strain Gage Instrumentation 


edited by Aronson and Nelson. "...3 
practical text . . . covers fundamentals 
basic bridge circuits, typical applications 
and surveys typical commercial inst. 
ments which use or are used with strain 
gages." Paper, 110 pages, illustrated, in. 
dexed by company, author, and subject, 
1958. $2.0 


100 Electronic Circuits 


by M. H. Aronson and C. F. Kezer. 

covers amplifiers, oscillators, pulse circuits 
phase shifters, etc. Complete with al 
circuit component values and respons 
specifications. Paper, 180 pages, > 


Digital Techniques for 
Computation and Control 


by Klein, Morgan and Aronson... @ 
basic digital techniques within one ter 
. . « code arithmetic, logical networks 
multiplexing, conversion, data reduction 
digital process control, two-terminal relaj 
circuits, counting techniques, digital com 
puters, programming, digital differentia 
analyzers, and combined analog-digite 
equipments. Cloth, 394 pages, illustrated 
1958. $6.00 


A Romance in Research 


The Life of C. F. Burgess by A. McQuee 
with Technical Appendix by O. W. Storey 
Glimpses of the early days of radi 
talkies, television. Cloth, 430 pages, ye 


INSTRUMENTS PUBLISHING 6 
845 Ridge Ave., Pgh. 12, Pa 


For book list circle 11 on inquiry card. 
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For the space probe, Kearfott supplies standard and 
special equipment used in both the space vehicle’s 
euidal ce system and its telemetering system, and in 
the ground support systems such as radar tracking 
and computing. Roughly 25 of these components are 
airborne, and each must be operationally perfect for 
ultimate success of the probe. About 30 others, meet- 
ing equally rigid requirements for perfection, are used 
in various ground support systems associated with the 
space probe. 

One specially-designed component (Fig. 1) com- 
bined a motor-generator, gearhead, and _ slip-clutch 
with a potentiometer in one package for improved 
operation and a drastic reduction in space and weight 
over the method originally employed. 





FIG. 2. TRANSISTORIZED AMPLIFIER is shown 
with typical servo motors it drives in missile con- 
trol systems. (A) Size 11 inertially-damped servo- 
motor. (B) 5-watt rugged transistorized amplifier. 
(C) Size 18, 115v 400cps servomotor. 





FIG. 3. HIGH ACCURACY SYNCHROS and 
motor-generator used in Space Probe Missile. (D) 
Size 1! high accuracy synchro control transmitter. 
(E) Size 11 servo motor-damping generator. (F) 
Size 8 "penny size" synchro control transformer. 


A number of Size 18 and 11 servo motors are de- 
signed for operation from a 5 watt transistorized and 
completely potted servo amplifier (Fig. 2). The 
standard servo size number is roughly the diameter in 
tenths of an inch; e.g. Size 8 is only 0.750” dia. 
Other space probe units include miniature synchro 
units of high accuracy (Fig. 3) and damping servo 
motor-generators. 
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WITH THE FUTURE 


RESEARCH & ENGINEERING 


Engaged in the development 
of precision electronics, elec- 
trical and electro-mechanical 
equipment, instruments and 
controls embodying allied 
physical sciences and arts. 





MANUFACTURING 


Production in mass quantity 
of complex devices to the vs 
highest standards of industry. 


PRODUCTS Vie 


A line of products having wide _ + 
utility of application in the Ms, 
new era of missiles, 

aeronautics, automation, 
radiology and nuclear science. © 


FIELD SUPPORT 


Experienced engineers and 
technicians deployed world- 
wide in the fulfillment of 

engineering and end product : 
application. ee os 





Write for Catalog LA] -691 


LAND-AIR, INC., 7446 West Wilson Ave., Chicago 31, Ill. 
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FIG. 1. ROTARY WAVEGUIDE joint for sector- 


scan antenna feed in the 16-17 kilomegacycle 
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Maximum leakage at all temperatures was | cu-in 
per hr.; no torque change occurred with change in 




























range permits free motion over a 180° arc while 
maintaining low VSWR and low torque. 


Ku—Band Step Twist Joint 


direction of rotation; and intermediate pressures 
produced intermediate torque values. 


The electrical and mechanical design features of a high power, K,, band, pres- 
surized waveguide sector-scan rotary joint applicable to airborne and mis- 
sile-guidance radars are described. The unit discussed is capable of high 
power transmission with low SWR and WOW while being oscillated over a 
180° arc. The assembly contains integral ball thrust bearings, pressure seals 
and a unique gearing system to control vertebrae positioning. The authors are 
staff members of Stavid Engineering, Inc., US Highway 22, Plainfield, N. J. 


OTARY WAVEGUIDE JOINTS are required in 
R an airborne radar system to eliminate the neces- 
sity of having to mount the heavy transmitter on a 
rapidly moving gimbal system. The antenna pedestal 
design, therefore, requires the use of a rotary joint at 
each of the trunnion points. The prerequisities for 
good joint design to attain efficient electrical perform- 
ance and maximum power transmission are low 
VSWR, minimum attenenuation and minimum varia- 
tion of VSWR (WOW) with angle. In addition, good 
mechanical performance of the gimbal-servo system 
requires that the rotary joint have long mechanical 
life and low torque characteristic while maintaining 
internal pressure. 

In most cases the axes of airborne radar antennae 
are not required to rotate through a full 360°, there- 
by permitting the use of sector rotary joints. 


Design Parameters 
The Model LH3100 rotary joint discussed in this 
article is of the sector scan type designed to operate 
over an angle of 120° at scan rates up to 5 scans per 
second. The pedestal design dictated that the unit be 
as small as possible, preferably not more than 114 
inches long or 2 inches in diameter, and to require a 
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minimum of driving force. The electrical design re- 
quirements for efficient transmission of energy, in the 
16-17 kmec frequency range, dictated the dimensions 
of the vertebrae of which the joint is composed. The 
design center frequency was chosen at 16.5 kmc. 

In addition, the maximum acceptable VSWR over 
the frequency range for the 120° scan was specified 
at no larger than 1:1.05. To provide this lbw VSWR 
the design must accomplish cancellation of the reflec- 
tions due to the shifting of vertebrae as the joint ro- 
tates. Ideally, this is done by making the vertebrae 
thickness exactly 14 wavelength. The calculated wave- 
length of the wave in a guide at the design center fre- 
quency is 0.8743”, and 14 wavelength is 0.2168”. 
The final selected thickness of the vertebrae, 0.25”, was 
a compromise between the ideal electrical length Ag/4, 
and the mechanical considerations for proper tooth 
engagement of the vertebrae drive. 

The Stavid Model LH3100 sector scan rotary joint 
consists of 12 basic parts. The inner and the outer 
housings are the largest of these parts and serve as 
the waveguide coupling flanges. Generally the outer 
housing is held stationary by the fixed waveguide to 
which it is fastened. The inner housing moves with 
the waveguide on the driven member. Inside these 
housings there are three short sections of waveguide 


FREQUENCY IN KMC 


FIG. 3. TYPICAL VSWR readings of Ky Band Rotary Joint for (A| 
In-Line, (B) 60° Twist and (C) +90° Twist Positions. 


WILLIAM COHEN and CLINTON DEWITT 


Senior Electrical Engineer 


Senior Mechanical Engineer 


referred to as vertebrae. These sections move in the 
same direction as, and proportional to, the movement 
of the driven member. The angular movement of the 
inner housing is transmitted to the vertebrae through 
gearing. This gearing is so arranged that each of the 
vertebrae move to equally divide the housing displace- 
ment angle by the number of vertebrae in the assem- 
bly. Looking into the waveguide passage, it has the 
appearance of a short-step twist section, consisting of 
three vertebrae between the two housing sections (Fig. 
1). 

The entire assembly is sealed against leakage of the 
waveguide pressurization. The pressure seals limit the 
minimum torque values obtainable when the system is 
subject to an absolute pressure of 30 psi. The joint 
assembly incorporates thrust bearings to minimize the 
effect of the internal pressure. The maximum allow- 
able torque specification of 30 oz-in was unattainable 
using commercial packings such as “O” rings, Quad 
rings and Teflon “O” rings. The final design incorpo- 
rates a synthetic rubber chevron seal. With this type 
of seal, unpressurized, 8 oz-in of torque are required 
to rotate the joint. The increase of torque attributable 
to the pressure is approximately 4 oz-in. These values 
vary somewhat from seal to seal and from assembly 
to assembly. The maximum torque values required to 
rotate the joint through a 180° arc are in the range 
of 30 oz-in for a pressurized assembly over an ambient 
range of —56°C to 100°C as may be seen from 
Figure No. 2. 

Life tests consisting of 160,000 cycles of operation 
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ESIGN 


over 180° arc have been made. Examination of the 
parts after the tests reveals that a life expectancy of 
two million cycles can be easily obtained. 


| Electrical Performance 


Electrical measurements on a pilot run of these 
joints have vindicated the mechanical compromises 
made in the design of the joint. The joint has been 
tested with the maximum peak power levels obtainable 
— currently available K, band magnetrons. No 
discernible attenuation or discontinuities were ob- 
served when the assembly was rotated over its maxi- 
mum range under full power. Typical VSWR curves as 
| a function of frequency are shown in Fig. 3, for verte- 
brae rotations of 0°, +60° and +90°, respectively. 
The curves show that the required VSWR was ob- 
tained over the desired bandwith, 16-17 kmc, for 120° 
(+60°) rotation. It is interesting to note that for 
180° (+90° rotation, where the reflections are the 
worst, the minimum VSWR occurs more nearly at the 
frequency whose Ag/4 = 0.25 inches. These curves 
indicate that by proper selection of the vertebrae thick- 
ness a sector scan rotary joint can be designed at any 
frequency with a VSWR of 1:1.05 over'a 6% band- 
width, permitting a full 180° rotation. 
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Piezoelectric Ceramics 


Piezoelectric crystals, such as quartz, have been used 
in electronic components for many years. However, 
because of their single-crystal form, their applications 
have been limited to small simple shapes. The devel- 
opment of polycrystalline ceramics such as barium 
titanate and lead titanate zirconate, on the other hand, 
can be fabricated into piezoelectric elements of al- 
most any shape desired, using conventional ceramic 
techniques. 

Properties of three barium titanate piezoelectric 
materials and the new high-temperature high-stability 
lead titanate zirconate ceramic, C43 A, which are pro- 
duced by the Sprague Electric Co., are shown in the 
table below. The materials also exhibit a minimum 
piezoelectric constant of 10-15 coulombs/dyne, a maxi- 
mum dissipation factor of 2% at lke, and a minimum 
compressive strength of 50,000 psi. 


Properties of SPRAGUE PIEZOELECTRIC CERAMICS 
Lead Titanate 











Barium Titanate Zirconate 
Ceramic Type Ci5, C39 C37 C43A 
Dielectric Constant (Ike) 1100 1100 450 
Max Operating Temp. 115°C 100°C 330°C 
Density 5.6 5.5 7.6 





Sprague Electric Co. also makes complete trans- 
ducer assemblies for most applications including un- 
derwater sound, accelerometers, and squib fuze actua- 
tors. Engineering assistance in the use of their piezo- 
electric ceramics will also be furnished on request.— 
(From 2-page Engineering Bulletin No. 6900, Sprague 

lectric Co., North Adams, Mass.) 
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S-C 2000 
BRIGHT DISPLAYS FOR CONSOLE 
OR LARGE SCREEN PROJECTION 


































Bright, fail-safe, flicker-free display of alpha- 
numeric, symbolic and graphic data at high 
speed . . . simultaneously with PPI-type radar 
presentations . . . is now provided by S-C 2000 
Bright Displays. Displayed data may be viewed 
in normal ambient light directly on the screen of 
the S-C 2000 console, or may be projected for 
group viewing on a large theatre-type screen. 
For air traffic control and military applications, 
maps may be displayed concurrently with radar 
targets and their identifying symbols, assisting 
the operator in geographic orientation. The fail- 
safe feature of S-C 2000 Bright Displays results 
from use of the xerographic process which allows 
the last frame displayed to be retained perman- 
ently, even in event of complete power failure. 
Send for more complete information concerning 
S-C 2000 Bright Displays. Ask for Bulletin 6-M. 
Write today: Stromberg-Carlson — San Diego, 
1895 Hancock Street, San Diego 12, California. 


See the S-C 2000 Bright Display demonstrator at the 
AFCEA Show, June 3-5, Washington, D.C.—Booth 89. 


GENERAL DYNAMICS 
STROMBERG-CARLSON DIVISION 
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1. SEMICONDUC- 
TOR figure of merit is 
minority carrier life-time 
measured to micro-second 
accuracy. 
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Semiconductor Minority Carrier 
Lifetime Measurements 


by Engineering Dept. 
Electro Impulse Lab., Inc. 


‘i HE theory of conduction of electricity in semi- 
conductors is based on a two carrier model: 
that is, there are two types of mobile charge carriers, 
namely, electrons and holes. In an intrinsic semicon- 
ductor, the concentration of free electrons and holes 
are equal, and, because of the requirement of charge 
neutrality, the number of bound, or immobile charged 
ions are essentially nil. On the other hand, in an ex- 
trinsic, or impurity semiconductor, the concentration 
of one of the mobile charges predominates. Hence, 
there must be approximately an equal concentration of 
immobile charged ions of the opposite sign to satisfy 
the neutrality condition. For example, in intrinsic 
germanium at room temperature there are approxi- 
mately 3 x 10'* carriers per cubic centimeter of each 
sign. An impurity sample of germanium containing 
10'° donors and much fewer acceptors would have 
concentrations of approximately 101° free electrons, 
19° bound positive donor ions and 9 x 10! free holes. 
If donor and acceptor concentrations are reversed, the 
hole and electron concentrations become reversed. 
The concentrations of carriers and charged ions 
aie in thermodynamic equilibrium, brought about by 
the generation and recombination of hole and electron 
pairs, electron and donor ions, and hole and acceptor 


ions. In the equilibrium state, the generation process 
is a thermal “evaporation” process in which thermal 
agitation of the lattice “boils off” the charge carriers. 
In the reverse process, recombination, electrostatic 
forces are involved which cause capture (or con- 
densation) of the oppositely charged entities. 

The non-equilibrium state exists when an excess or 
a deficiency of any of the paired charged entities 
exists. At present, for practical devices, the electron- 
hole pair excess or deficiency is the state of principal 
interest. Excess electron-hole pairs can be generated 
by optical radiation, corpuscular (principally elec- 
trons) radiation, and by current injection at a recti- 
fying contact, biased in the forward direction. If in- 
jection takes place at a steady rate, such as that re- 
sulting from the constant irradiation of an incan- 
descant lamp, or from that resulting from a steady 
d.c. current flowing from a rectifying contact, then 
the concentration of excess electron-hole pairs will 
reach a constant value in time at each point in the ma- 
terial, but decreasing in value with increased distance 
from the sources of injection. If the injection is 
transient, such as that produced by a pulse of light, 
then the excess pairs will recombine to restore the 
equilibrium concentration. The average survival time 
of this excess concentration of electron-hole pairs is 
termed the minority-carrier lifetime of the sample. 

The importance of minority carrier lifetimes, mea- 
sured in microseconds, is that they provide the figure 
of merit by which semiconductor materials may be 


judged; i.e., the longer the lifetime, other characteris. 
tics being equal, the better the transistor or diode the 
material will make. 

Recombination takes place both in the bulk and at 
the surface of the material, and in general at different 
rates. For low level injection, except in the presence 
of trapping, the decay (rate of recombination) is 
usually always exponential. Even with trapping the 
decay is usually rendered exponetial by filling the traps 
with excess carriers generated by steady illumination 
of adequate intensity. 


Life Time Measurement 
The measurement of lifetime by the decay of the 
photoconductivity is based on the transient decay of 
the carriers. Green’ gives the following equation for 
the transient photoconductivity current resulting from 
a plus of injected carriers for the case of one-dimen- 
sional geometry: 


Al=(1+ b) /Ref p/(nob + po) Edx (1) 


Where R, is the total series resistance of the circuit, 
b the mobility ratio of carriers, Ap the concentration of 
injected electron-hole pairs, no and p» the steady 
state concentration of electrons and holes, respectively, 
and E the electric field. The integral is taken over the 
length of the semiconductor. In practice, the condition 
of absolute one dimensionality is difficult to obtain; 
however, Green gives an equivalent circuit showing 
that the transient current flowing in a series resistor 
external to the semiconductor is proportional to the 
quantity on the right of equation (1), except that the 


1M. Green, J. Appl. Phys. Vol. 28 1473-1478 (1957). 
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ESIGN 


NEW 
Mic-0-Lite 
for 
Shadowless 
illumination 

in i‘ 
e Inspection @ Investigation @ Research 


Mic-O-Lite is a cold light ring source 
designed especially to produce shad- 
owless” illumination on small objects, 
parts or specimens. It is an ideal source 
for visual inspection under magnifica- 
tion, but is primarily designed for low 
power microscopic inspection and pho- 
tography in the industrial, scientific 
and research fields. 


Mic-O-Lite features a “ring light” 
| 2%” in diameter. A doughnut type 
aluminum reflector which snaps onto 
the lamp provides a 114” aperture in 
| the center through which the micro- 
scope or camera lens is focused. 


A variety of interchangeable lamps 
including warm white, daylight white, 
blue, “Black Light” and germicidal are 
available. 


Write for descriptive sheet. 


Special cold cathode shapes and colors 
fabricated to specification for scientific 
and industrial applications. Spectral en- 
ergy may be matched to photo cell sensi- 
tivities where required. Inquiries invited. 


ARISTO GRID LAMP PRODUCTS INC. 
65 Harbor Rd., Port Washington No., L.1.,N.Y. 
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TEMPERATURE PROBES | 
PRESSURE TRANSDUCERS | 
 PITOT-STATIC TUBES — 


| NO. 136 a Here at REC 
we specialize in 
temperature probes, 
pressure transducers and 
pitot-static tubes—with 
’ indefatigable emphasis on 
precision. The already wide 
and ever-increasing variety 
of REC units serving indus- 
try and military can help 
you. Tell us about your 
ses project. We welcome 
~ your inquiry for infor- 
mation on any problem 
in this exacting field. 


NEW CATALOG 


aa No, 115811 Illustrated 
Z ** compilation of data on over 
50 different REC probes 
ranging from -260° C. to 
1500° C. plus REC 
Pressure transducers and 
pitot-static tubes. 













' LIQUID 
| OXYGEN 
| PROBE 
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ROSEMOUNT 
ENGINEERING 
COMPANY 


4912 West 78th St. 
Minnegpolis 24, Minn, 
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effective resistance R, is greater than the total series 
circuit resistance R,. The latter circuit applies to a 


parallelopiped or a right cylinder with axial current 
flow. 


If the specimen to be measured is uniform both 
resistivity wise and geometrically wise in cross-section, 
then the quantities E and n,b+-p, will be only constant 


4 
multipliers so that the integral fApdx gives the total 
Oo 


excess injected pair concentration. Hence, since the 
transient current is proportional to this quantity, it 
must vary in time with it, thus providing the decay” 
pattern of the carriers. In general, the transient current 
AI shows an exponential decay. 

There are very few commercially available, com- 
pletely self-contained instruments for measuring life- 
time. Electro-Impulse Laboratory, Inc., Red Bank, 
N. J. is one.of the few instrument companies that pro- 
vides such an instrument (Fig. 1) which requires only 
a high quality oscilloscope for complete operation. 
This instrument has been designed to measure lifetimes 
as short as one microsecond and to accommodate large 
and small samples, including cylindrical ingots. A 
schematic diagram of the instrument is shown in 
Figure 2. The noninductive capacitor C is charged 
through the 10 megohm resistor R2 by the variable 
high voltage power supply Eb, to the firing voltage of 
the air gap between two tungsten electrodes, The re- 
sulting light flash is focused by the lens L, onto the 
sample. A signal proportional to AI is generated across 
R, and displayed on a cathode ray oscilloscope. 


The chief advantage of the condensed spark as a 
means of injection is that it achieves a high injection 
(about 10'* — 101 pairs) in one microsecond. This 
makes the lifetime measurement possible under more 
severe conditions, such as the measurement of short 
lifetimes in low resistivity materials, the measurement 
on a noisy sample, and the measurements of lifetime on 
fairly large specimens, should this be desired. In ad- 
dition, the high light intensity of the spark is useful 
as a fast method to test metal-to-semiconductor con- 
tacts for rectification; the degree of rectification is 
indicated by the magnitude of the photo voltage 
generated at the contact. It is also very useful for prob- 
ing the specimen for uniformity, since a variation in 
resistivity along the specimen gives a corresponding 
variation in the peak transient current AI, equation 
(1), when the light spot is moved along the crystal. In 
fact, equation (1) shows that AI varies as the square 
of the resistivity for constant current density. Another 
use of the instrument is the measurement of drift 
mobility of minority carriers as described in refer- 
ence l. 


*Provided the carriers are injected sufficently far away 
from the electrode at which minority charge carriers are swept 
out of the specimen, i.e. they must “die” within the specimen. 
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A PROBLEM OF 
UTMOST GRAVITY 




















RAYTHEON-DESIGNED, HIGH VOLTAGE 
OC MAGNETRON POWER SUPPLY 


Weight, in one form or another, Seems to 
be a concern of most of us today. While 
astronauts contend with the problem of 
"none at all", designers of electronic 
components continually face the problem 
of "too much". 


An aircraft manufacturer recently called 

on Raytheon to design a 10,000-volt, 60-kva, 
400-cycle, filtered DC magnetron power 
supply for high-temperature airborne-radar 
application. Several designs were avail- 
able, but their weight == more than 1,800 
pounds == put them in the lead balloon class. 


Our engineers, thoroughly experienced in 
the field of fluorochemical transformer 
design, were able to get the "lead" out, 
about 1,300 pounds of it, 
and to come up with a unit 
(shown above) weighing 
less than 500 pounds. 


Have any weighty problems? 
We'll be glad to lighten 
your load. 


Simply write to: 
Raytheon Manufacturing Company 
Magnetic Components Product Dept. 
Section 6120 

Waltham 54, Massachusetts 





| 





Excellence in Electronics 
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From infra-red 
transmitting elements... 

to alignment and emergency 
periscope for the Polaris 
missile... 






































Look what ; 
Bausch & Lomb 


from filters that eliminate 
unwanted radiation...to 
light-chopper reticles that 
put and keep IR-guided 


missiles on target... 


can do 


for you 
with 
glass! . 


from meltproof windshields 
and periscopes for high 
performance aircraft... 
to research and develop- 
ment of optical systems 
» for space reconnais- 
% — sance vehicles. 
Let B&L competence % 
with glass and glass-like . 
materials help advance your ‘, 
system from design to the * 
performance stage. Write for % 
information on special items » 
like these, or on research and . 
development work. . 
And fof data and specifications 7 
on our large stock of standard lenses, 
prisms and reflectors, ask for Cat. L-117. 
Bausch & Lomb Optical Co., Contract Dept., 
97342 St. Paul Street, Rochester 2, New York. 
(Phone: LOcust 2-3000.) 
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The well-known, but hitherto little used, ferrite 
resonant post technique is employed by the Kearfott 
Company, Inc., Microwave Div., of Van Nuys, Calif., 
in its new lightweight, compact Circulator Tee devices 
which are said to have an exceptionally low insertion 
loss with a high isolation ratio. The device depends 
on the property of a resonant ferrite post, located 
within a waveguide and under a transverse dc mag- 
netic field, to unidirectionally affect microwaves with- 
in a limited band. 

Adaptable for narrow band (X or K,), and with 
peak powers up to 1 kw, the new components are 
simple in design and entirely self-contained. This 
simplicity aids in reducing the overall system size, 
making the new units ideal for use in missiles, rockets 
and other small size microwave systems. One com- 
ponent of the new series is the Model W117-2A-1 
Circulator Tee, Fig. 1. 

Another typical Circulator Tee, the Kearfott Model 
117-3A-1 Iso-Duplexer, is shown in Fig. 2. Its test 
performance at 9.3 kmc +4% is shown graphically 
in the curves of Fig. 3, with (a) isolation between 
arms I-IIJ—15 db min, I-II—20 db min; (b) inser- 
tion loss I-II is 1.0 db max, II-III] 0.6 db max; and 
(c) VSWR in arm I is 1.51:1 max, arm II, 1.6:1 max. 
It is 354” long, 244” wide and 25%” high, weighs 
less than a pound. 

The new Tee Circulators are readily adaptable to 
other configurations: Replacing the permanent magnet 
with electromagnet provides a fast-acting switch or 
modulator; additional isolation between specific arms 
can be provided by adding built-in ferrite sections, 
or a fourth port can be added for introducing a second 
signal input or other special needs. Also, models for 


Light-Weight Circulator Tees 





throu 
whicl 
the 2 
trol | 





FIG. 1. MINIATURE CIR- 


illum 
wedg 





CULATOR TEE for mis- A 


sile and rocket microwave 


systems uses ferrite reso- 
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Through-Lens Automatic Exposure Control 




































































Missile range cameras, theodolites and track- the main light flux, works through a transistor 
ing telescopes can now be equipped with amplifier and a feedback servomechanism to 
through-the-lens automatic exposure control achieve a control range of seven f-stops. It re- 
which requires no additional optics. Designated quires only 214” between lens and camera; can 
the Zoomar-Trulex Automatic Exposure Con- be delivered as an integral part of any Zoomar- 
trol by its developers, it compensates for excess Reflectar Assembly with a focal length of 6” 
illumination by two counter-rotating optical or more. (From data sheet, Zoomar-Trulex, 





R- wedge discs. Zoomar, Inc., Glen Cove, L. I., N. Y.) 

is- A beam splitter, which absorbs only 8% of For more information circle 77 on inquiry card. 
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O- The development of a new high-speed Data Re- 
gh corder which features high data reliability, to be used 
on 


Data Recorder 
Features Accuracy 





DATA RECORDER prepares 


C data—provides two option- 
al accuracy checks. 





100 12 


DESIGN May-June, 1959 


in conjunction with radar tracking stations at Patrick 
Air Force Base and at strategic islands along the 6,000 
mile Atlas missile tracking range, has just been an- 
nounced by Technitrol Engineering Co., Philadelphia 
manufacturer of computer components and systems. 
The new Data Recorder (See Figure) is designed to 
automatically store radar information such as Azi- 
muth, Elevation and Range on magnetic tape in 
either coded decimal or coded binary form for future 
input to the Florida Automatic Computer (FLAC) 
for data reduction and analysis. 

One of the unique features of the Data Recorder is 
that in addition to the normal recording process, it is 
designed to automatically check the complete informa- 
tion written on the tape for accuracy by either of two 
techniques. One method, which is designated Pre- 
Flight Mode, compares the information that was in- 
serted into the shift or buffer registers from the radar 
equipment with what was written on the tape (In 
either of the two check modes, the registers’ outputs 
are non-destructive). The other method, designated 
Pre-Flight/Simulate Mode, compares the information 
on the tape against a sequence of switches which are 
located in the recorder and which enter a binary code 
into the storage registers. 

Using either technique, the information in the stor- 
age registers is interrogated, but not however, shifted 
out of the registers. If the comparison logic detects 
a dissimilarity between the two sources, an error pulse 
stops the Data Recorder at the end of the block being 
checked and an indicator light denotes the storage 
buffer and the bit number of information that was in 
disagreement. 

The self-checking feature of the Data Recorder was 
incorporated to help increase the reliability of missile 
flight data, and it imposed the biggest design problem 
to overcome during the recorder development stage. 
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Model 155 


Model 134 


Features: 
® Vibration Durability: 10-25 g's in all axes 10 to 2000 cps 


® Infinite resolution conductive plastic potentiometer 


with wear properties in excess of 20 million cycles 


© Repeatability: 0.1 
© Range: 0-1 to 0-300 psi 


RAHM INSTRUMENTS 
DIV. OF AMERICAN MACHINE AND METALS, INC 
65 Rushmore Street ° Westbury, N. Y 
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EI 


ectronics 


Catalog 


you save 50% on Top- Quality 


Test instruments 
Hi-Fi e Ham Gear 


KITS AND WIRED 


for professional and home use 


TEST INSTRUMENTS 
battery eliminators 
battery testers 
bridges 
decade boxes 
electronic switch 
flyback tester 
oscilloscopes 
probes 
signal and 
sweep generators 
tube testers 
transistor tester 
vacuum tube 
voltmeters 
volt-ohm- 
milliammeters 





HI-FI 
stereo and monaural 
tuners 
preamplifiers 
ower amplifiers 
peoavened | amplifiers 
speaker systems 


HAM GEAR 

cw transmitter 
modulator-driver 
grid dip meter 


OVER 1 MILLION 
EICO instruments in 
use throughout 

the world. 


LIFETIME service and calabration guarantee. 
IN STOCK at your neighborhood EICO dealer. 
Send now for FREE catalog eit 
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Select the Right Choke 
ENSS PANN a 


ESSEX ELECTRONICS 


R.E Choke Kits 


epemv-enceneinted, High-Reliability R.F. 
Chokes available in 4 handy kits for de- 
sign engineers: 


RFC — WEE 0.1 wzHto 1,000 4H 0.150 Dia. x 0.375L 


RFC —S$ 0.1 gH to 100 wH 0.188 Dia. x 0.441L 
RFC —M 1.0 wH to 1,000 zH 0.25 Dia. x 0.601 
RFC —L 1.0 wH to 10,000 wH 0.31 Dia. x 0.90L 


Data sheets available £ request both for 
the Choke Kits and for the Essex Elec- 
tronics Standard Line of Chokes. Both the 
kits and production quantities of chokes 
are available from stock. 


Chokes © Delay Lines * Coils * Pulse Transformers 
ESSEX ELECTRPRES&"*4csS 
A MEMBER OF THE NFTRONTCS GROUP 


559 Springfield Ave., Berkeley Heights, N. J. CR 3-9300 
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Janus Doppler Navigation 
System 


Air Navigation Instrument capabilities are ably il- 
lustrated in a new coherent, high-performance FMCW 
Doppler Radar System, Collins Model DN-101, now 
being evaluated by airlines and which employs many 
techniques which have been used previously in classi- 





FIG. |. ANTENNA OF COLLINS DN-1I0! Doppler 
Redar System mounts near the center-line of the 
aircraft. The system directs three separate beams of 
X-band energy diagonally toward earth, then accurate- 
ly measures frequency shift in each beam between 
transmitted and reflected signals. 





FIG. 2. INBOARD COMPONENTS of Collins FMCW 
Doppler System from left to right: Cockpit Indicator 
for Ground Speed and Drift Angle; Computer-tracker; 
Transmitter-receiver and Remote Control Unit. 


fied military aircraft applications. Using the same 
principles of FMCW radar employed by FM radar 
altimeters as early as World-War II, but highly re- 
fined, the new system weighs less than 60 lbs and re- 
quires only 200 watts power for operation. 

The Janus (two-way looking) technique of Doppler 
operation uses three radar beams, one on each bow 
and one to the left astern. Doppler frequency-shift 
information from each beam is fed into a computer/ 
tracker which provides ground speed and drift angle 
indications from 0 to over 50,000 ft altitude while 
automatically compensating for aircraft pitch, roll 
and vertical velocity errors. 

The antenna is a fixed lens, horn fed type without 
active circuits. By using crossed linear polarization 
in the feed horns, two navigation systems may be fed 
through the one lens for maximum reliability. Ex- 
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New RETARDED BIT RATE UNIT 


provides simultaneous indexing of magnetic 





tape with any type data acquisition equipment 
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Retarded Bit Rate Unit, 
Model 220. Bit rate division and timing 


word rate division are set by front panel switches to 
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correspond to speed of oscillograph. Size: 5Y%,”H x 19”W x 16”D. 


The Retarded Bit Rate Unit, Model 220, when used with the Hycon 
Eastern Digital Timing Generator, Model 201, or Airborne Digital Timing 
Generator, Model 206A, provides a universal timing system with format 
signals suitable for recording on magnetic tape, slow or high speed oscillo- 
graphs, recording cameras, strip chart recorders, etc. During the periods of 
data reduction the Model 220 is used with the Hycon Eastern Model 202 
Magnetic Tape Search Unit for re-recording the true signal from magnetic 
tape to oscillographs. The Model 220 is also available packed in a %2 ATR 


Box for airborne applications. 


For Data Recording 


Gor Data Reduction 
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HYCON EASTERW'S MODEL 220 
RETARDED GIT RATE yuT 


200 FRAMES PER SEC 


The Digital Timing Generator, Model 201, 
supplies a tone burst binary coded decimal 
signal for recording on one channel of a 
multichannel tape recorder. The Model 220 
receives the “1" and “O" control signals from 
the Model 201 and converts this to a pulse 
width and pulse height binary coded decimal 
signal for recording on oscillographs or other 
data recording equipment. 
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MYCON EASTERN'S MODEL 220 
RETARDED GT RATE UNIT 


SLOW OF HGH) 
sreeo 





wr 
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The Retarded Bit Rate Unit, Model 220, re 
ceives the tone burst binary coded decimol 
signal from the tape through the Magnetic 
Tape Search Unit, Model 202, and converts 
this to a pulse width and pulse height timing 
signal which is re-recorded on the oscillo- 
graph. The bit rate and word rate are adjusted 
to conform with the speed of the oscillograph 
regardless of the speed of the tape transporl. 


Write for Technical Bulletin 220 


HYCON EASTERN, INC. 








75 Cambridge Parkway 


E 


Dept. U Cambridge 42, Mass. 
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cept for the lens and the metal horns, the dual systems 
are completely independent and failure of one cannot 
affect the other. The antenna for either single or 
double system requires only four square feet of radome 
area and provides a gain of 29 db. 

The system can be fully checked without flight test- 
ing. A passive feed horn system measurement of 
ground speed and drift angle accuracy and simulated 
high altitude sensitivity can be made while the air- 
craft is on the ramp. The outputs of the DN-101 are 
combined with information from a_ gyro-stabilized 
magnetic compass and fed to the Collins NC-103 com- 
puter to provide direct readout of distances .along 
selected track and across track, and provide inputs to 
course-deviation and miles-traveled instruments. Com- 
puter outputs for a cockpit indicator provide drift 
angle within 0.5° and ground speed +0.6% -+-1 knot. 
The DN-101 System is a development of the Collins 
Radio Company, Cedar Rapids, Iowa. 
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Silicon Transistor Chopper 


A new Silicon Chopper designed for low-level volt- 
age measurements, de amplifier stabilization, high- 
speed servomechanisms, thermocouple instrumentation 
and low-level switching is particularly adapted to mis- 
sile and satellite telemetering applications where power 
conservation, miniaturization and zero maintenance 
are necessary. The silicon chopper, operating on fa- 
miliar solid-state principles has an inherently long 
life and is not subject to contact bounce, wear, pitting, 














or burning. Designated the Model 70, it is the latest 
in a series of solid-state developments announced by 
the Solid State Electronics Company of Van Nuys, 
Calif. (See Figure). The unit may also be used as a 
demodulator to convert ac to de. 

Capable of linearly switching or chopping voltages 
over a wide dynamic range from less than a millivolt 
to 10 volts, the switching circuitry used operates the 
transistors in a manner to provide stability and free- 
dom from drift over a wide temperature range. Only 
carefully selected silicon transistors are used in the 
Model 70, which is especially recommended for high 
temperature applications (from —55° to 130°C). 

Unlike mechanical choppers which are limited to a 
narrow and relatively low frequency range due to 
mechanical limitations, this transistorized chopper is 
an inertialess device that can be driven from dc to 
100 ke or higher. Epoxy-encapsulated, and with a 
weight of only 2 grams, it withstands a 500 G shock 
of 11 msec duration, 30 G vibration from 0 to 200 
cps, and acceleration to 700 G. Driving voltage is 
square-wave, 5-10 volts peak to peak and both input 
and driving source resistance are 600 ohms. 
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Westinghouse tube engineering.. 


serving the nation through imagination 





THIS. 


IS 


THE 





PERMA 


a new concept in 


The Permachon is a new class of tube which 
will store an image written optically or elec- 
trically, and will scan out many copies of that 
image. Stored resolution is extremely high for 
the size of target, and is not limited by storage 
mesh as in conventional storage tubes. 


The WL-7411 3” Permachon stores an 
image exceeding the resolution of the 
image orthicon, and eight shades of gray. 
It will operate with standard image 
orthicon components. Storage and read- 
out are comparable to the WL-7383. 














ON.. 


storage tubes 


The WL-7383 1’’ Permachon stores a resolu- 
tion of 500 lines per diameter (by shrunken 
raster method) and eight shades of gray. It will 
operate in a standard vidicon camera. Optical 
images of vidicon quality can be stored and over 
10,000 copies read out at 30 copies per second. 





SAMPLE ORDERS INVITED. WRITE FOR DATA, 


you CAN BE SURE...1F ITs 


i comenndtiemned ne 


Westinghouse 


Electronic Tube Division Elmira, N.Y. 


For more information circle 22 on inquiry card. 


123 

























J. B. CHATTERTON 


Chief Engineer-Electronics Div. 
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FIG. |. GENERAL transformer operation. 
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FIG. 2. SHIELDED transformer operation. 


generally be ignored in instrumentation work since at 
these positions all these currents will flow through | 
and 2 as a regular load current. Note also that should 
the general network be active, or generate ac signals 
internally, these voltages will cause additional cur. 
rents and more errors can result. 


Conventional Shielding 


In the attempt to reduce these general errors, elec. 
trostatic shielding is usually utilized. Fig. 2 shows the 
same circuit as Fig. 1 but with the addition of a 
single electrostatic shield between windings of the 
transformer. With an ideal shield, the primary error 
current will not flow to the secondary or the net- 
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Isolation of Power Transformers and Powe 


Er FECTIVE CAPACITANCE between the primary 
and secondary windings of power transformers can 
cause serious problems in accurate instrumentation 
work, Conventional methods of electrostatic shielding 
do not offer a real solution in the general case. How- 
ever, a special feedback method developed and patented 
by the Moeller Instrument Co., Inc., of New York 
City, now enables overall isolation equivalent to that 
which formerly could only be obtained from battery 
power. Application of these feedback techniques en- 
able operation of several line-powered devices in the 
same circuit without common ground connections, 
even in precise instrumentation. 


Capacity Coupling Through Transformers 

The basic shielding problem is illustrated by Fig. 
1 which shows a line-operated transformer and its 
effective interwinding capacitance connected to a gen- 


FIG. 3. SHIELDED power supply—equivalent circuit. 
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eral network, some point of which is tied to line 
ground. It is this ground—furnished either directly 
or inadvertently by line-operated equipment such as a 
VTVM, oscilloscope or amplifier—which causes the 
problem. It is evident that the line voltage can drive 
a current through C into the network terminal 1 and 
through it to ground. If for example, the network is 
made up of a rectifier, ac filter and resistance bridge, 
this current will develop an unexpected ac voltage 
at the bridge output. In addition, the induced voltage 
in the secondary will cause a current through C, to 
network terminal 1 to ground and another current 
through C; to terminal 2 to ground. These two sec- 
ondary currents will be in opposite direction and can- 
cellation in the ground line could be achieved only if 
C; and C2 are equal. Ground current is, of course, the 
simplest indication of the lack of isolation. Only if 
the ground is at terminal 1 or 2 can these currents 


FIG. 5. GENERAL feedback system. 
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and D. G. HOLLISTER, Moeller \nstrument Co., Inc. 


work since it is effectively shunted to ground by this 
shield. The secondary currents, however, will flow in 
the network just as before, but now through C,’ and 
C.’. This will be more readily seen by an example. 

Consider the ideally shielded transformer of Fig. 2 
with a rectifier and filter, forming a d-c power sup- 
ply, driving a strain gage bridge measured by a 
grounded VTVM. The equivalent circuit for this is 
shown in Fig. 3 where E represents the secondary 
a-c voltage. When E is instantaneously positive as 
shown, it will drive a current through C,’ L; and R, to 
ground. Assuming C has zero impedance to ac volt- 
ages, E will also drive a current through C,’, L,, C 
and R2 to ground. These two currents are obviously 
in phase. Likewise two currents will be driven through 
R, and Re and C,’ and Lg. This pair of currents 
will be opposite in sign to the first pair. If the recti- 
fier and filter are symmetrical, and if C has zero im- 
pedance cancellation will result when C,’ is exactly 
equal to C,’. 

This cancellation is difficult to accomplish in prac- 
tice, however, and also difficult to maintain. With- 
out cancellation, these currents will cause a reading 
on the VTVM for general values of R; and Ro. Note 
that the ac voltage across C is still zero but not at the 
VTVM input. This demonstrates the inability of 
filtering to eliminate these error currents. Assuming 
infinite back resistance of the diodes, no error cur- 
rents will flow the following half cycle when E re- 
verses sign. A full wave rectifier will behave similarly 
but the error currents will flow at all times produc- 
ing a sine wave of error currents and voltages. In 
order to determine the approximate error which 
could arise in practice, if the value of C’ is taken at 
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150 puf and assumed balanced only to one part in 
five; with a 200 ohm bridge an error of 34 microvolts 
would result for an E of 30 volts at 60 cycles. Note 
also that the R, and Rg bridge arms are loaded by 
reactive elements as is easily seen by imagining an 
ac generator in either arm. 

To improve matters somewhat the double-shielded 
transformer with an additional ungrounded shield 
(Fig. 4) is sometimes used. If Fig. 3 were redrawn 
for this device, the only difference would be that 
capacitor C’ would be included in the common 
ground lead. Since the value of C’ would be com- 
parable with C,’ and C,’, an improvement by a fac- 
tor of about two might be realized because of ground 


jhupplies 


current reduction. This configuration can sometimes 
aid in some degree the long time stability of balance 
of C;’ and 2’ but, basically, there is little improvement 


in overall isolation. 
It becomes obvious that fundamental isolation im- 


provement can be obtained only by significant reduc- 
tion of the transformer capacitances. As long as an 
iron core is used, physical separation of coils does 
little because the conduction of the iron electrically 
joins the coil-core capacitance of each winding. Air 
or ferrite cores cannot be used at power frequencies, 
of course, with any practical efficiency. It is, there- 
fore, apparent that a new approach is necessary for 
extreme isolation, 


Feedback Isolation 


Now consider the schematic of Fig. 5. The arbitrary 
impedances Z; and Zp are in series with a driving 
votlage E. An ideal or operational amplifier having 
an amplification factor of A is connected with its 
input across Z, and output across Zo. Now the am- 
plifier voltage is seen to be 

e = IZ, (1) 
and since the output impedance of A is zero or 
otherwise small compared with Zo, the voltage across 
Z, will be constrained to be A e. Summing voltages 
at the input we have 


or from (1) 
The effective input impedance is therefore 
E 
Za = 7" (A + 1)Z, (4) 


Since A can be very large this impedance can be 
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ATC COMPONENTS HAVE BEEN 
DESIGNED FOR THESE TYPICAL 
MISSILE APPLICATIONS 













1. ABSOLUTE PRESSURE PICKOFF 
2. ACCELEROMETER 


3. HYDRAULIC SERVO VALVE 
FEEDBACK 


4. POSITION SENSING 













Other ATC mil spec timing and 
programming components are 
used with Mace, Matador, 
Thor, Bomarc, Hound Dog. 





MAXIMUM TIME- TRANSISTORIZED 
OFF INDICATOR TIMER 
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PROVEN ATC DIFFERENTIAL 
TRANSFORMER SYSTEMS 


DRAMATICALLY 
INCREASE 


RELIABILITY 
OF AIR & GROUND CIRCUITS 














WHAT IS A DIFFERENTIAL TRANSFORMER? 
An electromechanical device which translates 
the displacement of a magnetic armature into 
a linear alternating current voltage. 


WHAT ARE ITS ADVANTAGES? 

It’s frictionless, offers infinite resolution, high 
signal to noise ratio, low null voltage, not af- 
fected by wide temperature ranges or radia- 
tion exposure, one-tenth of 1% linearity, small 
size, light weight. 


WHERE ARE ATC DIFFERENTIAL 
TRANSFORMER SYSTEMS BEING USED? 


In both airborne and ground support assem- 
blies as components or full systems on Terrier, 
Jupiter LOX level controls and launching rig de- 
flection, direct reading altimeters, G.E. counter- 
measure program, jet carburetor safety control. 


HOW DO I FIND OUT HOW DIFFERENTIAL 
TRANSFORMERS WILL HELP ME? 

Send for ATC’s free 32-page “Handbook of 
Linear Transducers,’’ which gives theory, char- 
acteristics, curves, schematics, application data, 
everything! Also ask about the Aero Transducer 
Kit, which permits you to experiment with a 
broad variety of transducers applicable to rate 
gyros, pressure pickoffs, accelerometers, hy- 
draulic servo valve feedbacks, position sensors. 


ATC offers design engineering help 
and complete Mil-spec R & D programs. 












AUTOMATIC TIMING & CONTROLS, INC. 


KING OF PRUSSIA, PENNSYLVANIA 
A SUBSIDIARY OF SAFETY 


INDUSTRIES, INC. 


made very great. Now if Z,; is a capacitor of capaci- 
tance C, 
1 


Cc 
ere" (5) 


which shows that the effective capacitance is reduced 
by the factor A + 1. 

From the above discussion, the isolation circuit of 
Fig. 6 is developed. Here each coil is separately 
shielded and in turn each coil shield is shielded from 
the other by a center shield which includes the iron 
core. Any voltage in the primary or secondary cir- 


Zin = 





jo 


cuits which tries to drive a current between the two 
will now find that C, has an effective capacitance 









































PRIM 


FIG. 6. FEEDBACK isolation system. 


FIG. 7. FEEDBACK amplifier schematic. 
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of C,/(A+1). There is a stray capacitance C,, 
however, which is the direct capacitance between 
windings or their shields which effectively shunts 
the feedback circuit. It has been found experimentally 
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that such strays can easily be held to about lyf 
or less. Since C, is approximately 300 ppf as before, 
an amplifier gain of 1000 will reduce the total ca- 
pacitive coupling to about 1.3 ppf. Of course, with 
more elaborate shielding and more gain this could 
be reduced even more. 

One important practical detail in realizing the above 
isolation scheme is the matter of B supply for the 
amplifier. Assuming batteries impractical, such a 
supply will not be isolated from the line so that the 








buy delay lines from LFE. 
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LFE makes a 
DELAY LINE 
for almost 
every purpose! 












Okay, we admit it. Delivery room 
delays are out of our line. 


But if your problems include choos- 
ing the right delay lines for computer 
applications, airborne or ground re- 
dar MITI systems, missile systems, 
lock-test or range markers, or you 
name it, LFE has a delay line design 
that will do the job. 


There's 12 years of experience be- 
hind LFE's quartz and mercury delay 
lines. That's your assurance of re- 
liability and proven design when you 
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SEND FOR THE FACTS 
Write for full information on LFE's 
complete line of delay lines. 
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amplifier must also provide isolation from the sec 
ondary and center shields to the B supply. A sche- 
matic of a suitable isolation feedback amplifier is 
shown in Fig. 7. It must be assumed that the B supply 
is at ac line potential or connected directly to the 
primary shield as shown. The approximate equivalent 
circuit for this configuration is shown in Fig. 8, where 


avarapie Mh 2° NOW 


E is any driving voltage between primary and sec- 
ondary. It is seen that the only effect of the B sup- 
ply is to cause a direct shunting from primary to 
secondary shields by the grid-plate capacitance of 
pentode V;. This is very small, of course, and negligi- 
ble to the stray capacitance C,, mentioned above. Cou- 
pling due to filament supply is negligible due to the 
inherent shielding of unipotential cathodes. 


MODULARIZED 
RANDOM ACCESS 
MEMORY 


COMPUTER CONTROL COMPANY announces the 
availability of its new all-transistor, coincident cur- 
rent, ferrite core, high speed, random access memory. 


Cos, +Coki 


FIG. 8. ISOLATION amplifier—equivalent circuit. 


FIG. 9. MOELLER 0-20 volt de Regulated Power 
Supply. 


Today's airborne mounting sys- 
tems must protect against much 
more than vibration alone. 


Take acceleration. Drag ‘chute 
landings, combat maneuvers — 
zero-length launchings — gener- 
ate shock forces that conven- 
tional isolation mountings can- 
not soak up. In fact, the need 
for both vibration and accelera- 
tion protection imposes conflict- 
ing mounting design criteria. 


FEATURES: 


Federal mounting systems are 
engineered specifically for the 
particular equipment and oper- 
ating regime. The result is opti- 
mum protection against both 


vibration and shock. 


As specialists in the design of 
engineered mounting systems to 
rigorous specifications, Federal 
welcomes complex vibration and 
shock control problems. A letter 


These principles have been incorporated into the 
design of a 0 to 20 volt de regulated power supply 
which is shown in Fig. 9. The front panel and out- 
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side cover are connected electrically to the primary 
shield while the output rectifier, filter and transistor 
regulator are entirely enclosed by the secondary shield. 
The center shield in turn encloses all of the secondary 


COMPUTER 
CONTROL 


COMPANY, INC. 


outlining your requirements will 
place our engineering staff at 
your disposal. 





LFE’s Creating Next Generation Concepts 
on in Vibration and Shock Control 


nears 


1060 WASHINGTON AVE., N.Y. 56, N.Y. 


shield. This arrangement results in a total capacitance 
of less than 2.5 pyf between the output terminals 
and line ground and less than 0.1 pyf to line volt- 
age. Without any special balance of capacitance 
to ground, a total error current of less than 15 milli- 
micro amps flows so that an error voltage of only 1.3 
- Ailes a ak a ,| microvolts appears in a 200 ohm bridge. In order 

th Ave. | Data File No. | on Federal Engineered H ‘ : _ 
Mounting Systems and standard MIL Spee | | to realize this accuracy, ripple is held to less than 

es and mounts is yours for the asking. j 
i Write today to Dept. MSD i 100 microvolts. 
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Table |. Comparative Characteristics, 
Step Motor vs Typical Servo Motor 





Size 5 Size 8 Size II Size 15 
ITEM _ Servo Step Mtr Servo Step Mtr Servo Step Mir Servo Step Mtr 


Stall 


Torque (0.07 0.4 |0.34 1.0 |0.63 15 |1.45 2.0 
(oz-in) 


Input 

Power ‘ 5.5 

(watts) 

Running 

Torque 

(Approx) |0.06 0.08 [0.30 0.1 
rpm 

(oz-in)} 


0.55 0.2 1.30 0.25 











A NEW type of servo element, the “Step Mo- 


tor”, differs from conventional ac servo mo- 
tors in that it operates on dc voltages which are 
switched at any desired stepping rate, whereas normal 
servos operate on a uniformiiy rotating field generated 
by an ac current. The stepping motor can be con- 
sidered as basically a “variable low-frequency” mo- 
tor which may be required to operate at frequencies 
from 0 up to 120 pulses per second. 
Basic design parameter differences are compared 
in Table I. Note that the step motor characteristically 
operates best at stall torque (zero frequency of ro- 





STEP SERVO IS NATURAL MATE 
FOR DIGITAL COMPUTER 


tation), whereas the servo motor can operate at 
stall torque but is normally designed to operate at a 
substantial speed. Typical switching rates of 20 to 
120 pulses per second for step motors compare with 
standard servo frequencies of 60 and 400 cps. 
Running torques at high RPM is a different mat- 
ter, however. Here the step motor loses out to con- 
ventional servo motors. Also the power consumption 
is higher on the step motor due to its de operation. In 
outward appearance (size and configuration) step 
servo motors are identical to conventional servo mo- 


tors (Fig. 1). 


MILITARY SYSTEMS AND COMPONENT MANUFACTURERS 


Plan NOW to exhibit at the Fifth International Automation Exposition 
November 16 to 20, 1959, New York Trade Show Building 


The nation's leading “automation” show will again feature your best opportunity to exhibit and to conduct your 


own “clinic for instructing selected audiences on the fine points of your equipment, components and systems .. . 


plete privacy ... and featuring the equipment itself! 


in com- 


The Second Military Automation Exposition will meet concurrently and will include Military Technical Sessions 
attracting leading military and scientific personnel from Washington and major military research centers. Whether you 
aim for the industrial instrumentation and process control or Military systems markets, the men who buy and specify will 
attend and be attentive at the Fifth International Automation Exposition. 


Reserve your space for this most powerful selling show of the year. Write for full details and breakdown of at- 


tendance at previous International Automation Expositions. 


FIG. |. STEP 
SERVO is 
identical in 
appearance 
with ac servo 
motor. 


Operation 

The step motor is designed to convert digital data 
for analog presentation or operation. That is, sup- 
plied with data in digital or pulse form, the step 
motor with its associated circuitry will provide a 
means of activation by pulses. These pulses can, in 
effect, be “counted” by the motor, and by connec- 
tion into control devices, control a servo valve posi- 
tion, drive a counter, rotate a shaft, or accomplish 
any other direct activation demanded. The step mo- 
tor is merely the “muscle.” A logic circuit must be 
utilized to control the operation of the motor. With 
power transistors, this is no problem. 

The sequence of input polarities required from 
the logic circuitry to drive a step motor through 
180° of rotation is shown in Fig. 2. A continuation 
of the sequence will be seen to achieve 360° ro- 
tation in 8 steps. This can be continued indefinitely, 
also the sequence and rotation can be reversed by any 
number of means. For example, a multi-pulse switch 
or commutator could be used to “slave” a remote 
step-servo by using the principle outlined above. 

Users of step servos frequently employ solid-state 
flip-flop circuits combined with pulse demand cir- 
cuits to accomplish clockwise and counter-clockwise ro- 
tation, over a variety of speeds and loads. Because a 
number of such circuits are restricted by patents, no 
attempt will be made here to sketch a typical transistor- 
ized control circuit. 

Running torque of a typical step motor falls off 
to about 0.2 oz-in at the 80 pps range, dependent upon 
load inertia. Investigation into methods for overcom- 


Richard Rimbach Associates, Management 


FIFTH INTERNATIONAL AUTOMATION EXPOSITION 
845 Ridge Avenue, Pittsburgh 12, Penna. Phone FAirfax 1-9831 and 1-9832 


ing this characteristic are being made; one method be- 
ing to combine some of the load characteristics of 
the ac servo motor in the step servo. At high pulsing 
rates, the step servo motor appears to operate fairly 
efficiently as a permanent magnet synchronous de- 
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AIRPAX 
MINIATURE 
CIRCUIT 

BREAKERS — 


Power Control and Circuit 
Protection are provided in 
this new Airpax Circuit 
Breaker. Only slightly larger 
than an,”ON-OFF” switch it re- 
places a switch, fuses and over- 
load relays. Available in ratings 
from 50 milliamperes to 10 amperes, 
AC or DC with fast or slow response, 


— 3 


CAMBRIDGE DIVISION, CAMBRIDGE, MARYLAND 
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vice, Research into development of this aspect also 
is being pressed. 

The power consumed by the step motor at low 
pulsing rates is determined entirely by the winding 
resistance and input voltage. Most applications to 
date have used the size 11 frame with 28 v de ap- 
plied to a winding resistance of 120 to 300 ohms. 
The magnetic efficiency of a typical motor varies with 
the resistance of the winding, since more ampere 
turns can be achieved using a low winding’ resistance. 
Experimental models have been manufactured with 
resistance of only 15 ohms. The input power on 28 
volts was then approximately 50 watts per pulse. Natu- 


STEP 3 STEP 4 STEP 5 


_3@-~ 3B, ) 3@, 
we wy See 


3 4 3 4 


FIG. 2. SEQUENCE of input polarities drives step 


motor through 180° of clockwise rotation. 


rally the temperature rise with such a power level is 
considerable. A practical value of 120 ohms provided a 
moderately-powered compromise (6.5 watts/pulse) re- 
quiring only moderate heat dissipation. 

In many applications the windings are center- 
tapped. This connection permits reversal of winding 
polarity by applying power to alternate halves of 
the winding. This use doubles the power, such that for 
a 120 ohm winding (60 ohm to center-tap) the mo- 
tor consumes 13 watts to achieve the same torque. 
If winding resistance is increased, torque falls rather 
slowly, being a function of ampere turns, At the 
300 winding level, the motor consumes a modest 5.2 
watts per pulse, but develops only 1.2 oz-in torque 
at stall in comparison with 1.6 oz-in at the 120 ohm 
level. 

Induction Motors of California has developed a 
size 5 step servo motor yielding from 0.3 to 0.5 oz- 
in torque. Also in development is a size 23 designed 
to yield 8 to 10 oz-in stall torque. 

In conclusion, the step motor is a versatile compo- 
nent which has peculiar talents for teamwork with 
digital computer and power-transistor circuitry, to 
provide simple and reliable displays or operational 
outputs. 
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SPECIAL REPORT 
ON STEP-SERVO 
MOTORS: 


Induction Motors 
of California 
Offers Step-Servo 
Motor Line 


A full line of step-servo motors, sizes 5, 
8, 11, 15 and 23, designed for digital-to- 
analog conversion in 45° increments up 
to 120 pulses per second, are manufac- 
tured by Induction Motors of California. 
The motors are available with impedance 
of 15 to 300 OHMS and voltage range of 
20 to 50 VDC. Motors operate over a 
range of —55°C to +125°C and meet 
environmental requirements of MIL-E- 
5272B and MIL-E-5400. Stainless steel 
construction is used, and no mechanical 
detents are employed. 


GENERAL SPECIFICATIONS 
FOR STEP-SERVO MOTORS 
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Information on cost, delivery, or addi- 
tional technical information, as well as 
information on synchro components and 
solenoids, is available when requested on 
your company letterhead. 


induction Motors 
of California 


DIVISION OF 
INDUCTION MOTORS CORPORATION, N.Y. 


6060 Walker Avenue, Maywood, California 
LUdlow 3-4785 


Representatives in principal cities 
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Pressure Potentiometers for... 


HIGH TEMPERATURES 


and CORROSIVE FLUIDS 


Type P103 
Pressure Potentiometer 
shown % size 


New Trans-Sonics* Pressure Potentiometers, Type 
P103, measure pressures of corrosive fluids such as 
red fuming nitric acid (RFNA) and unsymmetrical 
dymethylhydrazine (UDMH) for telemetry and con- 
trol applications at ambient temperatures up to 600F. 


Corrosive fluids are contained by a welded Inconel-X 
bellows which actuates a dynamically balanced mech- 
anism. This mechanism is hermetically sealed in a 
stainless steel case for protection against corrosion 
and other environmental hazards. 


Accurate and reliable performance has been proven 
under the following conditions typical of missile en- 
vironments: Random Gaussian Vibration 0.1g/cps, 
15 to 2,000 cps; Acceleration 75g; Shock 75g. 


Flexibility of installation is assured by small size and 
light weight. Dimensions are 17%” diameter by 1%” 
long. Weight is only 6 ounces. Standard ranges are 
0-100 and 0-150 psia . . . other ranges to special 
order. Write for Technical Bulletin P103 to 
Trans-Sonics, Inc., Dept. 12, Burlington, Mass. 


* TRADEMARK 


TRANS-SONICS 
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LOW-NOISE SAMPLING SWITCH 
IS JET ACTUATED 


peels SAMPLING of a large number of 
voltage-generating elements is a standard and 
widely-used telemetering technique. However, contact 
“Noise” generated by friction and contacts between 
switch parts is a source of interference when weak 
de signals are being sampled. Mechanical wear, which 
shortens switch life and produces dust particles, is 
also a potential source of circuit malfunctions. 

A new type of sequential switch (Fig. 1) devel- 
oped by the Electric Regulator Corporation of Nor- 
walk, Conn., and designated the Roto-Jet eliminates 
all commutator wear and noise to permit the sam- 
pling of signals of 1-to-3 millivolt amplitude with- 
out amplification or filtering of any kind. 

The principle of the Roto-Jet is shown’ in Fig. 2. 
A row of contact modules is arranged around the 
inner periphery of the shell. An air-jet nozzle on 
the rotor is successively directed into one module after 
the next as the rotor turns. Only the air jet enters the 
module, actuating the movable contact member posi- 
tively against the rigid fixed contact (Fig. 3). No 
part of the rotor ever touches the module of the 
contacts, 

The contact pairs are made of palladium, gold, sil- 
ver, and cooper alloy, selected to minimize contact 
potential differences. The gentle jet action cannot 
dislodge particles from metal or insulating surfaces to 
cause switch malfunction. Also, simultaneous contact 
of the measuring circuit with two sources at different 
potentials is eliminated in the Roto-Jet. 

The Roto-Jet Model 3745S, comprising 45 pairs of 
isolated SPST normally-open contacts, is normally 
operated at 20 rps to accomplish 900 closures per 
second. Other models are capable of making more 
than 3600 closures per second. Two-pole switching can 
be supplied to any phase-angle by adding a second 
row of contacts and incorporating two synchronized 
air jets inside the shell. Contact closing time is less 
than 60 usec; opening time is under 80 psec. 

The new switch can be mounted in any position 
without affecting its operation. Because its contact de- 
sign is wiperless, no maintenance is needed. Routine 


FIG. | NOISELESS SEQUENTIAL 
Sampling Switch, called the "Roto- 
Jet'' uses a rotating jet of air to ac- 
complish up to 3600 noise-free clos- 
ures per second. 


# 





FIG. 2 ROTATING JET actuates 
switch modules positioned on 
periphery of switch shell. No part 
of the rotor ever touches the 
modules or the contacts. 


MILITARY SYSTEMS DESIGN 
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FIG. 3 AIR JET actuates mov- 
able contact to make positively 
with fixed contact. Precious and 
semi-precious metals are used in 
contacts. 


cleaning of contacts is accomplished while the switch 
is operating simply by increasing air pressure for 
several seconds. Operating air required for the switch 
is 214 cfm at 35 psi. 

The life of the Roto-Jet is indefinitely long. A 2000- 
hr test made at 20 rps with a load of 50 microamperes 
at 10 millivolts resulted in negligible contact wear. 
No noise was visible on a test oscilloscope adjusted 
for 1 mv/cm amplification. Applications for the 
Roto-Jet include its use with thermocouples, strain 
gages, light- sensitive devices, and similar low-level, 
high-impedance elements employed in computers, 
telemetering, and complex control systems. 
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One-Inch Tape Data System 





16 TRACKS 
DIGITAL 
DATA 
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ir to ac- 
ee Clos- 
SPACING: DIGITAL ANALOG 
INTERTRACK 10 MILS 20 MILS 
TRACK WIDTH 20 MILS 50 MILS ares AnALOG TRAGe 
CENTER-TO-CENTER 30 MILS 70 MILS CLOCK INFORMATION 
'TAPE-EDGE TO TRACK 25 MILS 20 MILS 
A new magnetic recording system which puts 108 ese 6 
channels of multiplexed FM/FM data plus the entire oe For 32 tracks digital in- 
gf , ; : ormation the additional 16 tracks 
output of a 16-bit digitizer on a single 1-inch magnetic are recorded in the space used for 
has just been announced by the Instrumentation Di- analog data in the above illustra- 
vision of Ampex Corporation, Redwood City, Calif. tion. 
TOR Designed for instrumentation of advanced power 
plants for North American Aviation’s F-108 and B-70 TAPE UTILIZATION, new head 
weapons systems, it will also be used this summer in configuration, using |-inch tape. 
the J-93 engine test program at Edwards AFB, Calif. 
| Previous systems need an entire 1” tape for 16 
digital tracks, requiring a second recorder when analog 
data must be simultaneously recorded. 
MODULE With the new system, 16 digital tracks plus 7 stand- 
ne ard analog tracks, (See Figure) or 32 tracks of digital 
information only may be recorded. 
ctuates Existing Ampex data recording systems can be con- 


ed on verted to the new high-capacity configuration by re- 
lo part [placing the heads and adding the record and repro- 


es the [i duce amplifiers which are required. 
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HEAT in military applic 


manufactured in conformity with military 
specifications for space, equipment and 






SPACE and PERSONNEL HEATERS 


for mobile and portable shelters ied 


Hunter Heaters are designed and aT es 


personnel heating in ground support systems ean —— J 


for missiles, radar, microwave, monitoring 
centers, etc. Five basic Hunter models 
are available currently, some multi-fuel- 
burning, others which burn any type 
gasoline, each custom-engineered to 


specific requirements for the area of end = 
use. Model range is from 15,000 to | 


air-circulating, all thermostatically 


cold starts as low as —65°F. One of 





Corps 
Program, AN/GPQ-T1 Air Force 
Trainer Radar and many other end 
item projects in the GCA category 
® also custom-engineered for the 

Matador Missile System communi- 

cations shelters. 


A) 




































a 
- 
pene 
60,000 BTU/Hour output, all 
Ave 
yen 
ae 
‘ 


controlled, all designed for 


the current models is... 


MODEL UH-68 


Produced in con- 
formity with mili- 
tary specification 
MIL-H 11511B @ 
60,000 BTU/Hr. 
Output @ multi- 
fuel burning © 
designated “spec” 
equipment in 

of Engineers’ Expansible Body 


get these brochures TODAY!|» 
for complete details x 


HEATING AND 
MANUFACTURING CO. REFRIGERATION SYSTEMS 


30547 AURORA RD. SOLON, OHIO 
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FIG. 1. NON-CIRCULAR GEARS are more accur- 

ate and rugged than cams for generation of em- 

pirical functions; can now be economically com- 
puted and gear cutter automatically programmed 
by LGP-30 digital computer. 




























NEED for the mechanical generation of math- 

ematical or empirical functions arises in con- 
nection with many problems. Among these are prob- 
lems connected with the development of fire control 
and flight control equipment. One important non- 
classified problem arises in connection with the feed 
mechanism for motion picture film in cameras, pro- 
jectors, and film editors. 

Classically, generating these functions has been done 
by smooth cams. However, it can be accomplished 
by non-circular gears. Such gears are capable of gen- 
erating any function which does not reverse its slope 
or have a discontinuity. The ratio of the velocity of 
the driven gear to that of the driver can vary by 
more than fifty to one as the driver rotates through 
one revolution. For many years, machine designers 
have considered non-circular gears to be mathe- 
matical oddities although in function-generating ca- 
pacities they are superior to cams. They have a high 
efficiency of power transmission and high accuracy 
whereas cams have pressure angle problems and lost- 
motion errors in the follower system (Fig. 1). 

One reason why non-circular gears are rarely used 
in spite of their advantages, lies in the lack of a source 
of supply. An automatically controlled gear shaper 
and some facility for automatically computing the 
control variables is required. 

Now a system which can provide the automatic 
control and automatic computation is available. The 
automatic control is provided by a Cunningham gear 
cutter directed by punched paper tape. The Cunning- 
ham gear cutter consists of a Fellows Gear Shaper as 
modified with tape controlled servos by Dr. Frederick 
W. Cunningham, of Stamford, Connecticut. The au- 
tomatic computation is provided by the Royal Pre- 
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cision LGP-30 electronic computer which also pro- 
duces the punched paper control tape. 

It is possible, of course, to accomplish the neces- 
sary calculations and punch a control tape by hand. 
However, several hundred hours of calculation with 
a desk calculator and manual punching are required if 
automatic computation is not available. Since the gear 
cutting system can produce a finished set of gears 
in less than one hour of operation, it is obvious that 
a costly and time consuming part of the total effort 
is in the calculation. With the LGP-30 the entire job 
of producing the control tape is reduced to a few 
hours. With the LGP-30 not only are the calculations 
automatic, but the production of the control tape is 
also automatic and requires no conversion from cards 
to tape since the LGP-30 produces punched paper tape 
output directly. Also, no separate equipment for in- 
put data tape preparation is needed since an electric 
typewriter that produces punched paper tape is part 
of the LGP-30 computer. 


Computation of Control Tape 
The problem is to produce gears, to be mounted on 
shafts, of such a shape as to satisfy the function 
¢ = {(0) where ¢ and @ are the angular displace- 
ments of the two shafts, and the input data is in the 
form of pairs of numbers (¢o 90), (¢1, 1), ete. 
There are three basic parts to the problem solution: 
1. Computation of quantities to describe the shape 
of the gears. These quantities are the radius, arc 
iength, and tangent of angle s for each increment 
of angular displacement, where s is the angle 
between the common tangent of the gears and 
the normal to the line of centers. 
2. Computation of the quantities necessary for con- 
















trol of the gear cutter to produce this shape. 
These quantities are the center distance between 
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Non-Circular Gear Cutting by Comput 
on-Circular Gear Cutting by Computer r. 


M 


the work piece and the cutter, the angle through - 
which the work piece must be moved, and the sigi 
angle for the movement of the cutter. tur 

3. Conversion of the control quantities into incre- wit 

ments suitable for the gear cutter. The increments 

are one minute of angle for the work rotation, eI 
0.005 of a tooth or 0.075 degrees on a 24 tooth MI 
cutter for the cutter rotation, and 0.0001” for the M 
center distance. eq 

First consider the computation of each radius for opt 
each increment of gear rotation. Since the incremental ic 
arc length da for each increment of rotation is the 
same for each gear, expressions for arc length can be stil 
equated. is | 

2 2 2 2 2 2 2 2 Co 
day = drg + rgd¢, dag = dry + rp dé and dag = day 1.5 

If the center distance is taken as one Tec 

Tg fo rg = 1 2p 
we obtain 
rg = 1/(d0/d¢ + 1) 

In this case where the function ¢ = f (6) is ex- 
pressed in tabular form, the value of d@/d¢ must be 
obtained from a numerical differentiation formula. 

The second part of the problem requires computa- u 
tion of the center distance between the cutter and work 
piece, D; the angle of rotation of the work piece, G; on, 
and the angle of rotation of the cutter, H. Since two of 
gears are involved, six quantities must be calculated MI 
for each point. The equation for the center distance is: bre 

life 
D = y R, F8 
~= @+r- + 2Ry r.Cos s he 


where Rg is the actual value of the radius, and r, is 
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the radius of the cutter (Fig. 2). 

The third part of the solution consists of converting 
differences in center distance, work rotation, and 
cutter rotation as calculated in the second part to steps 
of 0.001”, 1 minute of angle, and 0.075° respectively. 
Then the computer steps are punched on the work 
contro! tape. A hole punched in the 1 channel of the 
tape represents one increment in center distance, in the 
9 channel it represents one increment in work piece 
rotation, and in the 4 channel it represents one in- 
crement in cutter rotation (Fig. 3). 

The use of the LGP-30 reduced the calculations 
necessary to produce a gear cutter control tape from 
more than 2 man-weeks to a few man-hours, material- 
ly reducing the costs and commencing gear production 
sooner (Fig. 4). The accuracy of computation was 
more than sufficient to match the requirements of the 
gear cutter. All these advantages minimize the prob- 
lems and cost of producing an extremely useful ele- 
ment, the non-circular gear. (From 12-page bulletin 
No. 701, Data Processing Div., Royal McBee Corp., 
Westchester Ave., Port Chester, N. Y. 


For this literature circle 85 on inquiry card. 


Miniature Motor is Reversible 


A 1/50 hp 115v reversible motor, for missile use 
where single-phase 400 cps power is available, is de- 
signed for intermittent duty over an ambient tempera- 
ture range from —65° to 250°F. When equipped 
with the 400 cycle brake (Fig. 1) it comes to a stand- 





FIG. |. AYLO 
MINIATURE 
MOTOR is 
equipped with 
optional magnet- 
ic brake, 


still within 15 revolutions (unloaded). Reversibility 
is achieved by the use of a balanced 4-pole winding 
connected as shown in Fig. 2. Current through the 
1.5 mfd condenser leads by 90° that through the di- 
rectly connected winding to produce an essentially 
2-phase magnetic field. 





FIG. 2. BAL- 
ANCED WIND- 
INGS plus ca- 
pacitor provide 
reversing circuit 


gilt for AYLO motor. 








WITH BRAKE 





The motor is designed for a duty cycle of 3 minutes 
on, 7 minutes off, with a temperature rise over ambient 
of 150°F. Motor life is 1000 hours when tested per 
MIL-M-7969a. Diameter is 1.50”; overall length with 
brake is 3.5’. The magnetic brake has a minimum 
life of 300,000 operational cycles.—(From data sheet 
F8580-2, “AYLO 400 cycle AC Motors” Barber-Cole- 
man Company, Rockford, Ill.) 
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The last word in vitreous-enamel 
power resistors! And that also means 
the best by any test! 


All the outstanding quality 
and performance of the famous Clarostat 
“Greenohm” (cement-coated) Power 
Resistors, in a new, glass-smooth, unique 
blue-green, vitreous-enamel coating. 
Made to meet MIL-R-26C specifications. 
e Literature on request. 


More Good Reasons for Specifying Clarostat! 
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Vitreous-ename/ POWER RESISTORS 
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FIXED ADJUSTABLE 
5- to 200-watt B44 } ten ol 


ratings. Complete 
resistance ranges. 


resistance ranges. 








oO 
10% 


Plus/minus 5% 
tolerance for 50 
hms and over. 


Plus/minus 10%. 





below 49.9 ohms. 








Wire leads and 
lugs in smaller 
sizes. Lug terminals 
for larger sizes. 


Mounting brackets 
furnished free 
with 25-watt 
and larger sizes. 








Single slide contact. 





CLAROSIATS GLAROSTAT MFG. GCO., INC. 


® DOVER, NEW HAMPSHIRE 


In Canada: CANADIAN MARCONI CO., LTD., Toronto 17, Ont. 
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In the morning, a school... 


A Show Becomes A School 


At an average trade show, the exhibitor reaches any one visitor for only a few min- 
utes . . . perhaps only to get his name. By contrast, the Automation Exposition ex- 
hibitor has his best customer prospects in front of him for a 90-minute lecture and 
demonstration, 

























The exhibitor can present the most complicated technical and economic analyses 
in this ample time . . . to as many as 8 classes of 20 to 150 men each. . . while 
retaining the advantages of an open exhibit with its thousands of visitors! 


More than 3,000 clinic registrants will pay to increase their understanding of the 
most modern measurement and control apparatus, military systems, materials handling, 
and other phases of automation at the Fifth International Automation Exposition in 
New York City, November 16 to 20, 1959. 


An exhibit at the Fifth International Automa- 
tion Exposition offers this opportunity to you. Ad- 
vertising and direct mail promotion by the Expo- 
sition Management will help develop your classes 
as soon as your exhibit-clinic room is selected. The 
earlier you select your space, the larger will be 
the number of men made ready for your educa- 
tional-sales effort. 


The Second Military Automation Exposition will 
be held concurrently with the Fifth International 
Automation Exposition and Congress. 


For complete details, contact 

Richard Rimbach Associates, Management 
Fifth International Automation Exposition, 
845 Ridge Ave., Pittsburgh 12, Penna. 
N.Y. Office, 525 Lexington Ave., Rm 359, 
N.Y. 17—telephone Murray Hill 8-0980. 
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Basic Multiplex Recording 
System 









Data Logger or DL series equipment is used fo, 
multiplexing a large number of separate data channel 
into one or more tracks of magnetic tape Storage 
equipment. The particular forms described herei 
utilize the popular and well proven pulse duratioy 
modulation technique abbreviated PDM (Fig. }). 
For high level signals, the basic sampling device used 
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>< LOW LEVEL THERMOCOUPLE Type 

> LOW LEVEL BRIDGE TYPE 

JOHIGH LeveL 
POTENTIMETER TYPE 


MX SERIES MIXED HIGH & LOw LEVEL 
POM MULTICOOCER 


FIG. |. TYPICAL DATA LOGGER block diagram. 
(Multichannel Data Aquisition and Storage Equip. 
ment) 





FIG. 2. SOLID STATE PDM Multicoder, 
Series MH, transforms PAM signals to 
PDM in RZ mode. 


is a unique solid state electronic commutator of ad: 
vanced design. For low level signals a new compatl 
electromechanical commutator of reliable long life 
design is used in conjunction with a drift stabilized 
low level DC amplifier. The commutator output in 
the form of pulse amplitude modulation (or PAM) 
is fed into a stable and accurate PAM to PDM con: 
verter (often called a keyer). The converter is fol 

lowed by a record amplifier. Electrically the equip: 13 
ment is solid state in nature wherever possible. 
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PROFICIENT IN: 

ADVANCE SYSTEMS SYNTHESIS * SYSTEMS INTEGRATION 
INFORMATION SYSTEMS ANALYSIS & INDEX CONCEPTS 
HUMAN FACTORS ANALYSIS & SYSTEMS TRAINING 
COMPUTER SYSTEMS ANALYSIS 


Your attention is called to a new development program 
envisaging a level of abstraction and a scale of appli- 
cation without parallel in data handling. 


Working closely with industry and the military, small 
groups of General Electric specialists from many disci- 
plines have taken the first creative steps toward a data 
processing system to perform functions hitherto con- 
sidered intractable to machine logic. 

The conceptual bases of this effort are not bound by 
the present state of the equipment art. Man-machine 
relationships are of an order transcending the confines 
of present systems. 
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There is particular interest in specialists who are thor- 
oughly at home with such systems tools as: PROBABILITY 
THEORY ¢ LINEAR PROGRAMMING * GAME THEORY * QUEING 
THEORY * INFORMATION THEORY * CYBERNETICS * GROUP 
DYNAMICS * COMPUTER THEORY. 


IMMEDIATE OPENINGS at several levels of experience 
at both the Washington, D. C. office and the Phoenix, 
Arizona headquarters. 


Write in confidence to: 
Mr. J. E. Torrey, Div. 45-BMD 
COMPUTER DEPARTMENT 


GENERAL @ ELECTRIC 


13430 N. Black Canyon Highway, P.O. Drawer 270, Phoenix, Arizona 


ay-June, 1959 








Related Equipment 


The Data Logger is capable of accepting input sig- 
nals from all standard and most special end instru- 
ments. By use of simple adaptors the equipment can 
accept almost any form of input encountered. Since 
the data is stored on tape in standard PDM form, 
playback is readily accomplished with compatable and 
standard decommutation and readout equipment. 
Visual monitor scope equipment for displaying all 
channels simultaneously, as well as several other use- 
ful attachments, can be provided as accessory equip- 
ment. 


PDM Recording 


A PDM modulation system is one in which the 
amplitude intelligence in a channel sample has been 
converted to time duration. This is accomplished by 
amplitude sampling using a simple commutation 
scheme and converting the resultant constant width 
PAM signal samples to constant amplitude samples of 
proportional duration (Fig. 2). The PDM signal thus 
obtained is applied to the magnetic tape in the form 
of short unidirectional pulses representing its leading 
and trailing edges. No current is supplied to the re- 
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FIG. 3. PLAYBACK AND ANALYSIS equip- 
ment, typical block diagram. 


cording head except during the pulse period. The re- 
sulting signal to noise ratio is very high since back- 
ground noise is merely the small amount of fluctuation 
noise created by the motion of the demagnetized tape 
through the head. 

In general, the recording method employed here 
(commonly called the return-to-zero or RZ method) 
has the advantage of imposing only moderate demands 
on the tape. Amplitude linearity of the tape, for ex- 
ample, is not of any importance in this system. It 
should also be noted that there is a distinct advantage 
over certain digital methods of recording requiring a 
non-return-to-zero method in order to achieve a prac- 
tical pulse packing density on the tape. For Data 
Logger playback the reproduced pulses are used to 
recreate the original PDM signal recorded using very 
simple and reliable regeneration circuitry (Fig. 3).— 
(From 36-page catalog No. 900, Multichannel Telemet- 
ering Equipment, General Devices, Inc., P. O. Box 253, 
Princeton, N. J.) 
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FIG. |. SHOCK TUBE Compression chamber 
(right) moves on rollers to permit insertion of rup- 
ture diaphragm. Camera-recording oscilloscope 
(left) is set to record gage response; the three 
schlieren stations for shock-wave velocity measure- 
ments are also seen along the expansion section 
of the tube. 
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(b)SHOCK TUBE RESPONSE 
QUARTZ PRESSURE GAGE 


FIG. 2. RESPONSE OSCILLOGRAMS for (a) typical flush diaphragm, and (b) quartz type pressure gages. 


NBS TELEMETERING TRANSDUCER PROGRAM 


ELEMETERING of flight data—an essential 

part of missile and aircraft testing—is often 
limited by a lack of information on the performance 
of transducers. To obtain the necessary data on these 
important devices, which convert mechanical quanti- 
ties to electrical signals, the National Bureau of Stand- 
ards is carrying on a special program of research, de- 
velopment and testing. 

As a part of this program, test methods pertinent to 
the selection, application and improvement of trans- 
ducers are currently being developed by the NBS for 
Navy’s Bureau of Aeronautics, the Air Force, and the 
Army Ordnance Corp. Data on the inherent charac- 
teristics of the principal types of transducers as well as 
a better understanding of the requirements for various 
applications have thus far resulted from the study. 

Transducers—electromechanical devices for convert- 
ing pressure, displacement, acceleration, force, and 
similar mechanical quantities to electrical signals—are 
widely applicable, but are in greatest demand for 
missile and aircraft flight testing. In such use, the 
electrical output of a transducer is transmitted by a 
wire line or radio telemetering link to a recording 
device. However, a serious drawback to the use of 
telemetering systems is the limiting performance of 
the transducer itself. A primary reason for the present 
program is to establish a satisfactory basis for trans- 
ducer testing and selection and to provide adequate 
data on transducer performance. 

In addition to general performance studies, atten- 
tion has been focussed on special problems, such as 
those which appear in pressure and acceleration meas- 
urement. 
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Pressure Gage Calibration 


In missile and aircraft flight testing, more measure- 
ments are made of pressure than of any other quantity. 
To obtain more information on the dynamic per- 
formance of pressure transducers, a new shock tube 
designed and built under the supervision of R. O. 
Smith and P. S. Lederer has been employed (Fig. 1). 
This apparatus provides a pressure step-function of 
known value, which can be applied to the transducer 
pressure gage under study; the response of the gage is 
then detected by an oscilloscope and photographically 
recorded for further analysis. So far, it has been neces- 
sary to use step input rather than sinusoidal inputs, 
and the NBS data-processing laboratories are working 
on the development of analog-computer techniques for 
deriving frequency-response characteristics directly 
from step-function response records. A simple system 
of analysis using a panoramic analyzer from a tape or 
drum recording of the pressure response is also under 
development. Response oscillograms are shown in Fig. 
2, for (a) typical flush diaphragm and (b) quartz type 
pressure gages. 

The shock tube is constructed of flanged steel sec- 
tions with a working cross-section 3” square, a com- 
pression chamber variable in length from 3.4 to 12 ft, 
and an expansion chamber 8 ft in length. The in- 
terior surfaces of the expansion chamber sections are 
carefully finished and chrome-plated to minimize 
“noise” due to shocks reflected from surface discon- 
tinuities. The compression chamber sections move on 
rollers to permit insertion of diaphragms. 


The tube is equipped with three pairs of optical 


glass windows, each pair provided with a schlieren 
system and photomultiplier tube arranged to give a 
pulse at the time of passage of the shock wave. Aux- 
iliary equipment is used to accurately measure the 
initial expansion—chamber pressure, and to deter- 
mine the transit time of the shock wave between 
schlieren stations. 


The shock tube provides pressure steps lasting 4 
to 5 msec. Compression chamber pressures to 1000 
psi and expansion chamber pressures to 350 psi can be 
selected. If air is used on both sides of the diaphragm, 
shock steps to 600 psi may be generated. If helium is 
used in the compression chamber, shock steps to 
1000 psi can be produced, the amplitude being de- 
termined from the measured value of the initial ex- 
pansion chamber pressure, temperature and the shock 
wave velocity. The rise time of the step is less than 
10-8 sec. 


Low-Frequency Accelerometer Calibration 


Calibration of accelerometers presents no difficulties 
at frequencies from 10 to several hundred cps. How- 
ever, the frequency of interest often lies below 10 cps 
where satisfactory test equipment has not been avail- 
able. Two methods have been devised for such low 
frequency calibrations; one entailing rotation of the 
accelerometer in the earth’s gravitational field, the 
other making use of a specially designed dual cen- 
trifuge (Fig. 3). Either provides a known frequency 
input to the accelerometer under test; a response curve 
then represents the dynamic characteristics of the 
accelerometer. 
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KLIPTITE 


THE HANDIEST 
CONNECT-DISCONNECT 


TERMINAL BLOCKS 
rh 











Self-locking, quick connect-disconnect 
terminal blocks. Designed especially for 
to use with female terminals made by AMP, 
e- Burndy, Kent, and Ark-les. Exceptionally 
wide application possibilities. 


Taos of brass. Suitably plated for low con- 
tact resistance. Rigidly eyeletted to block. 
Or tabs can be had separately to fasten 
under screws. Flat, 45° and 90° angled 
tabs in any combination to meet special 
requirements. 


Write for detailed literature on “‘Kliptite”’ 
terminal blocks and other types in the ex- 
tensive Kulka line. 














KULKA ELECTRIC CORP. 
633-643 So. Fulton Avenue 
Mount Vernon, N.Y. 
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The dual centrifuge consists of a rotating table car- 
rying a second smaller rotating table to which the ac- 
celerometer is fastened. Both tables rotate in horizontal 
planes with such a speed that the test accelerometer is 
carried around a circular path without rotation. This 


arrangement provides a sinusoidal input for the ac- | 


bas 


FIG. 3. DUAL CENTRIFUGE provides low-frequen- 


cy calibration technique for accelerometers. 


FIG. 4. RESPONSE CURVE of typical accelerom- 


eter is extended into low frequency region by dual- 
centrifuge method. 
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celerometer and also allows electrical connections di- 
rect to the accelerometer. The dual centrifuge allows 
calibration from 14% to 10 cps, with an acceleration 
amplitude of +25 G at 5 cps and about +1 G at 1 
cps. The vertical rotation procedure allows acceler- 
ometer calibration from 0 to 30 cps but limits the ac- 
celeration range to +1 G and requires slip rings to 
maintain the electrical connections. Fig. 4 shows a 
typical accelerometer response curve, the lower region 
of which was obtained by the dual centrifuge method. 








ENGINEERS 
SCIENTISTS 
MATHEMATICIANS 


who are attending 


National Convention on Military Electronics 
June 29 — July 1, Washington, D.C. 


CORRE REET EEE EEE HEHEHE EEE EEE HEE EEE E EE EEE 


Positions of significant professional scope and responsibility 
in association with nationally recognized scientific personnel 
of Litton Industries. 


POORER EERE EEE EERE EERE EEE EEE EEE EEE HEHEHE EEE EEHHEEE HEH EEEE 


INERTIAL GUIDANCE & CONTROL 
RESEARCH Analysis and evaluation of gyro and accelerometer 
design principles. 
ELECTROMAGNETIC DEVICES Design and application of minia- 
turized electromagnetic devices, including rotating compo- 
nents, resolvers, and synchros. 
PRECISION MECHANISMS Development, prototype assembly and 
production. Analysis of stress, vibration, and thermal transfer. 
SERVO SYSTEMS Preliminary analysis, design, development, 
and testing of highly advanced servo systems with accuracies 
of 1 part in 10,000. 
DESIGN — ELECTROMECHANICAL Design and layout of airborne 


electronic equipment including servos, printed circuitry, gear 
trains and computers. 


COMPUTER CONTROLS & SYSTEMS 


THEORETICAL PHYSICS Analytical studies including dynamics, 
celestial mechanics, and astrophysics in the area of computer 
and control systems. 


LOGICAL DESIGN Manipulate system equations for application 
to special purpose airborne computers. 

RELIABILITY Thermal evaluation and mechanical evaluation 
of designs, 


RESEARCH Theoretical and analytical studies in computer and 
control systems. 


For personal interview with members of our technical 
staff contact Mr. Colby Ross at the convention hotel 
COlumbia 5-9919. 


LITTON INDUSTRIES 


Electronic Equipments Division 
Beverly Hills, California 
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FIG. 1. CONVENTIONAL FLOATED GYRO supports rotor 


on low-friction ball bearings. 
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Ce (ie. ghia 
FIG. 2. GAS BEARING in laboratory model has 
been spinning for more than six years. It is similar 
to bearings used in inertial navigation systems made 
for missiles and the Polar-navigating USS Nautilus 
and Skate by the Autonetics Div., North American 
Aviation, 


Gas Spin Bearings For Gyroscopes 


JOHN SLATER 


Staff Specialist, Inertial Navigation Engineering Dept., 
Autonetics, a division of North American Aviation, Inc. 


eg Semone for inertial navigation on the 
earth, and for ballistic missile guidance sys- 
tems, have extraordinary requirements as regards ac- 
curacy—requirements often hundreds or thousands of 
times as strict as for ordinary flight instrument and 
flight control gyroscopes. This is because in guidance 
systems the set of gyroscopes is employed as the pri- 
mary space reference—as a sort of substitute for the 
“fixed space” as defined by the stars in celestial navi- 
gation. Gyroscope drift is as if one were steering by 
a drifting star; large errors can accumulate from small 
drift rates. 

For extra-terrestrial application, accuracy require- 
ments are in general somewhat relieved, but a new and 
onerous requirement is imposed: well-nigh absolute 
reliability and constancy of characteristics, over peri- 
ods of months and years. 

The essential element of any gyroscope is a spinning 
rotor. It is mounted in gimbals or the equivalent in a 
manner such as to uncouple the rotor, so far as possi- 
ble, from the base so that the rotor will not be dragged 
by or otherwise coerced relative to the base and can 
serve to maintain an accurate space reference. 

Fig. 1 shows the elements of a representative gyro- 
scope of a conventional two-degree-of-freedom type. 
The rotor is supported in ball bearings in a spherical 


*Gas bearing work on which this article is based is at- 
tributable to the following Autonetics engineers: J. J. 
Ausman, J. C. Boltinghouse, S. W. Cogan, W. A. Ebert, and 
Manfred Wildmann. 
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float of great rigidity, which in turn is supported by 
low-friction bearings in a gimbal. The case is filled 
with floatation liquid to take the load off the low-fric- 
tion bearings. An electrical pickoff (position transduc- 
er) detects angular departure of the case relative to the 
spin axis, and operates servo systems at a set of case- 
supported gimbals to maintain alinement. Thus the 
case is in effect “slaved” to the rotor as if it were a 
telescope aimed at some fixed star. 

Ball bearings for the rotor, as conventionally used, 
can fill requirements of rigidity, accuracy, reliability 
and longevity, to a fairly high degree—provided ex- 
treme care is used all along the line, in fabrication, 
assembly and use. Even so, they leave something to 
be desired. Any machine that involves rolling metal-to- 
metal contact is inevitably subject to vibration, shift- 
ing of parts, and wear. To be sure, actual failure may 
not come into question—a good ball-bearing assembly 
may run for thousands of hours without breakdown— 
but gradual change of characteristics, and consequent 
development of a drift rate, is apt to occur. 


Gas Bearings Contrasted with Ball Bearings 


Gas-lubricated spin bearings have been developed 
to carry gyroscope performance to a new level, beyond 
that attainable with traditional mechanical bearings. 
Metal-to-metal contact is avoided by supporting the 
rotor on a thin film of gas (typically hydrogen, helium 
or neon). While the bearing is running, wear is com- 
pletely absent. Properties of the gas-lubricated bear- 
ing are not subject to change, whether from day to day 






























(b) 





FIG. 3. OSCILLOGRAPH TRACES of instantane- 
ous axis position of spinning rotor, (a) mounted in 
ball-bearings; (b) mounted in gas-spin-bearing. Small 
amount of harmonic dynamic unbalance shown by 
gas spin bearing could also be corrected. 


or from year to year. Also the vibration level is prac- 
tically zero (Fig. 2). 

A person unfamiliar with gas-lubricated bearings 
may tend to think of them as something weak and 
flabby. Actually they are typically more rigid—less 
deflection per pound of load—than the steel ball-bear- 
ings which they replace. They can readily be designed 
to withstand the terrific accelerations associated with 
ballastic missile launchings—10G, 20G and higher. 

The reason for the remarkable stiffness is as follows. 
The opposing members of the bearing (i.e. the rotor 
and stator) typically have areas of several square 
inches, whereas the gap is only a few ten-thousandths 
of an inch. The setup resembles a piston-and-cylinder 
combination with a very thin gap between the piston 
and the cylinder head. Attempt to close the gap is 
associated with a very large fractional reduction of 
the gap, hence buildup of opposing pressure. 

In ball bearings, on the other hand, while the balls 
and races are of hard steel, the total actual contact 
area is extremely minute compared to the support area 
of the gas bearing. The net effect of area turns out 
to be at least as significant as that of “hardness” of 
the supporting medium, so that the stiffness of the two 
different kinds of bearings are comparable. 

Figure 3 illustrates graphically the different degree 
of smoothness and rigidity of ball bearings and gas 
spin bearings. The drawing is taken from oscillograph 
photographs showing the trace of the instantaneous 
axis of a spinning rotor, on a plane at right angles to 
the axis. (The rotor assembly was mounted in electro- 
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FIG. 4. CONVENTIONAL TYPE OF GYRO with 





r gas-lubricated bearing replacing ball type spin 
bearings. 
PRESSURE 
IN GAP 
0 
7 ROTOR 
- > 
‘\ STATOR 
GAS UNDER PRESSURE 
FIG. 6. HYDROSTATIC TYPE BEAR- 
ING requires gas compressor extern- 
al to bearing. 
e- 
i magnetic pickups, similar to those in a dynamic- 
by balancing machine, and the amplified pickup outputs 


applied to the oscillograph.) 
Trace (a) is for a ball-bearing-mounted rotor of 
C- highest possible precision, operating at 200 rps. The 
exposure time was such as to include a few revolutions. 


gs The trace is of large amplitude, and moreover the pat- 

nd tern never repeats—we have a condition of high noise 

88 level. 

ur Trace (b) is for a gas-spin-bearing mounted rotor, 

ed under otherwise identical conditions. The trace is of 

th small amplitude, and is a simple ellipse (due to 
residual dynamic unbalance, which can be corrected). 

v8. The noise level is practically nil. 

or 


One can tell whether a ball-bearing gyro is run- 
ning or not simply by listening to it, or feeling it. 


hs This is not the case with a gas spin bearing gyro—in- 
ler struments must be used to tell whether it is running 
” or not. 

al The gas-lubricated bearing finds application to two 
of different kinds of gyroscopes. 

One kind is essentially similar to the conventional 
lls type except for substitution of a gas-lubricated bear- 
act ing for ball bearings (Fig. 4). 
ea 
yut 
of Free Rotor Gyroscope 
wo The other is of markedly different type, which has 

no counterpart in ball-bearing equipped apparatus. 
ree This is the so-called free-rotor gyroscope. 
ras In the free-rotor gyroscope the rotor may take the 
ph form of a sphere, mounted in a spherical gas-lubri- 
jus cated bearing and driven by a motor on the case (Fig. 
to 4). A pickoff senses misalignment of the case and 
r0- 





controls case-gimbals to restore alignment. 
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FIG. 5. FREE ROTOR GYRO with rotor support in 
gas-lubricated "'ball-and-socket' joint dispenses 
with many annoying elements of conventional gyro. 


a ROTOR 


\ Af 


LOW - PRESSURE 
REGION 


FIG. 7. HYDRODYNAMIC TYPE BEARING «cts as 
its own compressor. Rotor is supported by gas 
squeezed into constricted area by viscous drag. 


HIGH-PRESSURE a“ 
REGION 


It will be observed that the rotor proper is not sup- 
ported in gimbals—the gas-lubricated “ball-and-socket 
joint” provides all necessary degrees of freedom, all 
at one spot. The gyroscopic element is thus reduced 
to its simplest—hence ultimately the most accurate 
and reliable—form. Lead-in wires, flotation liquids, 
complex float structures and a host of other annoying 
elements of the conventional gyroscope, are complete- 
ly done away with. 

It will also be observed that the essential gyroscopic 
element, i.e. the rotor, occupies a much larger volume 
of the total instrument volume than in the other forms 
of gyroscope. The practical significance of this is that 
the free-rotor type of instrument can be made sub- 
stantially smaller, for a given effective gyroscope size, 
than the conventional type. 


Gas Bearing Types 

Gas-lubricated rotor spin bearings can be made in 
both the hydrostatic (compressor-supplied) type and 
the hydrodynamic (autolubricated) type. 

In the hydrostatic type, gas is forced by a compres- 
sor into the bearing gap via orifices or slits, in a man- 
ner quite analogous to that in pressure-fed oil bearings. 
The supporting action, analogous to a piston-cylinder 
action as in a hydraulic press, is indicated in Fig. 6. 

The hydrodynamic type requires no compressor. 
The bearing is designed so that, under load, a wedge- 
shaped gap exists between rotor and stator (Fig. 7). 
Gas at relatively low pressure in the wider parts of the 
gap is squeezed by viscous drag into the narrow 
part, thereby generating pressure or lift. 


Note: Additional preliminary reading on Gas Bearing Design 
is article by Ausman and Wildmann, page 103, Product En- 
gineering, Nov. 25, 1957. 

























NEW?! 


Automatically Operated 
Remotely Controlled 
) PNEUMATIC PRESSURE REGULATOR 


SAFE! Unprecedented in response and sensitivity. 
Not only does Marotta’s new RV-23E Regulator 
Series load and vent pressure with push-button 
efficiency over a wider pressure range than any 

existing regulator or series of regulators, but is 
the only regulator meeting automation demands 
...the RV-23E can be programed to operate 
systems at a different pre-determined pressure 
level sequence. 
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SPECIFICATIONS: 
Model: 


Regulator—%” dome loaded pneumatic pressure 
reducer 


Remote Control type 24 V.D.C. Solenoid operated 








° Pressure Characteristics: 
Mf Inlet, outlet, and gage ports per MS 33656-4 
“hes Inlet pressure range— 30 p.s.i.g. to 6000 p.s.i.g. 
Proof pressure — 9000 p.s.i.g. 

Burst pressure — 15,000 p.s.i.g. 


Outlet pressure range—30 p.s.i.g. to 5000 p.s.i.g. 
Proof pressure — 7500 p.s.i.g. 
Burst pressure — 12,000 p.s.i.g. 
Rated Capacity 0.1 (SCFM/PSIA) min. 
(as defined in MIL-R 8572A) 


* 





PRV-11A MV-74-H MV-41A RV-4C MV-36S 
Special 6"; 44"' three-way %'' N.C. %"" 60 psi 46"’ N.C. 3500 
160 psi 6000 psiGeneral 1000 psi Integral psi Inter- 

LOX Pressure Purpose Solenoid Fuel Solenoid Relief Pressure nally Piloted 
relief % Regulator Solenoid 


Write or call for complete information. 
Experienced engineers available for consultation. 


VALVE CORPORATION 


pioneer producers of high pressure valves 


P. O. BOX 330—T BOONTON, N. J. 
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pen: gpecoiage'e from new high-speed com- 
puters, such as the Naval Ordnance Research 
Calculator (NORC) to the military research scientists 
awaiting the product of its lightning labors have been 
a major obstacle in the utilization of this calculator, 
said to be the world’s most powerful tool for rapidly 
solving complex mathematical formulae, The output 
of the NORC has previously been in the form of tabu- 
lar data or its digital equivalent, which must, in many 
cases, be plotted and suitably displayed before the 
information could be intelligently utilized by the scien- 
tists. Early applications of the NORC and similar scien- 
tific computers demonstrated that their calculating 
speed had far outstripped the ability of available 
readout devices. This delay in data readout became 
particularly serious when real-time computation was 
required to calculate missile and satellite trajec- 
tories and solve problems in spatial navigation. 
The S-C 4010 High Speed Microfilm Printer, a prod- 
uct of Stromberg-Carlson—San Diego, a division fa- 
cility of the General Dynamics Corporation, is said 
to be the first automatic printer to have the speed 
and accuracy necessary to provide the link between 
the scientific research computer and its human mas- 





Computer Readout Breakthrough 


ters. This truly high-speed system, capable of re- 
cording up to 15,000 characters or plotting points 
per second has been accomplished by combining the 
CHARACTRON shaped beam tube (7-inch high- 
resolution screen) with a 35-mm Traid Automax 
Camera for high quality permanent recording and 
a Kelvin-Hughes automatic processing camera for 
direct viewing of data displayed on the shaped beam 
tube face. The latter camera can project any display 
on a viewing screen incorporated in the cabinet in 
less than ten seconds after film exposure. This process 
may be used during the 35mm film recording oper- 
ation, and acts as a visual monitoring device. 

Besides its use as a direct-viewing monitor, the 
S-C 4010 Microfilm Printer device provides a per- 
manent record of all data, graphs, dimensioned draw- 
ings and plain language explanations which combine 
to make a complete report, on microfilm. 

Many features of the NORC Microfilm Recorder 
have been incorporated by Stromberg-Carlson in the 
Model S-C 4020 Microfilm Printer which is now 
available for a wide range of scientific and business 
applications (Fig. 2). 
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SERVO MOTOR SERVO MOTOR 


Input Power Input Power 
total (total Generator 
3.8 watts 5.6 watts Input Voltage 
Stall Torque Stall Torque 10¥ 
3 02 in min Output Voltage 
No Load Speed 0.13 ¥ /1000 
6500 rpm min rpm max 


MOTOR LINEAR 


GENERATOR 


DC MOTOR 


Output Power 
4.0 watts 
No Load Speed 5 
20,000 rpm Null E at EZ 
Input Voltage 01S 
28¥ DC Phase Shift 
15 deg. lead 


Linearity 


15 oz in min 
20 02 in nom 

Max. Weight 
28 gms 


A. 


TRANSFORMER 


Phase Shift 


AND PROVEN 


TRANSMITTER 


Accuracy Accuracy 
]’ error max 30° max Accuracy 1’ error max a 
Null error spread ]’ error max Null Null 
30 my max Torque Gradient Null 30 my max 30 mv max 
30 mv max Phase Shift Phase Shift 
Phase Shift 9 deg. lead 11 deg. lead 
8.5 deg lead 


DIFFERENTIAL 
Accuracy 


RESOLVER 
Accuracy 


RECEIVER CONTROL 


TRANSFORMER 


2200 mg-mm 

8.5 deg. fead deg 

Input Power 
54 watts 
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FIG. 1. RAPID READOUT for the NORC (Naval 
Ordnance Research Computer) is provided by a 
new High Speed Microfilm Printer which uses the 
shaped beam Charactron Tube. (Photo Courtesy 
of Stromberg-Carlson Co.) 


FIG. 2. SIMPLIFIED SCHEMATIC of S-C Model 
4020 Microfilm Printer which is available for general 
scientific and business computer readout applica- 
tions. 





The 4000 Series Microfilm Recorders all make use 
of the CHARACTRON 7-inch shaped beam tube 
which uses a 64-character matrix to form individual 
alpha-numeric characters which in turn are selected 
and positioned on the face of the tube in a size read- 
able with the naked eye. This selection and positioning 
is accomplished by digital logic driving circuits gen- 
erated within the 4000 Series cabinet. Six bits of in- 
formation are required to select any one of the 64 
characters in the matrix, while twenty additional 
bits are needed to position the character accurately 
in any one of 1024 horizontal and 1024 vertical 
positions on the tube raster. Repeatable accuracy of 
character positioning is within 0.04%. Further tech- 
nical details and applications data are given in a new 
20-page brochure on the S-C 4000 Series which is 
available from the manufacturer on request. 

The 4000 Series Microfilm Recorders can be used 
either on-line directly from the master computer or 
can be fed off-line from a magnetic tape produced by 
the master computer. 

Stromberg-Carlson also manufactures the S-C 5000 
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[ “High-Speed 


OPTICS 


For Image Amplifiers— 
Speeds Equal to F/0.5 


Designed for use with RCA—Phil- 
lips—Bendi x—Friez—Westinghouse 
and cascading image amplifiers. One 
to one systems of extreme speed— 
short focal lengths. 


e New Optical Systems available 
for prompt delivery from stock. State 
full data for quotation. Ideal for 
X-Ray—Radiation research and as- 
tronomic telescopes. 


e Other optics, photo and recording 
equipment available from world's 


largest "LENS BANK" —Write for 
Encyciopedia Caiaiog. MSD 659. 


FREE CATALOG icc Eine 


=, 
60th ANNIVERSARY 


*Greatest Lens . Offerings! 
®Cameras— Regular, Indus- 
trial & Scientific! ° Enlargers 
-Solar Etc! *Lighting—Pro- 
fessional—Strobe Etc! *Ac- 
cessories~ Write to: 


BURKE & JAMES, tu< 
Od alror-telom. MMlillalelr 







121 S. Wabash 


























@Terminal Lugs@ Insulated 
Terminals @ Electronic Hardware 
© Handles @ Captive Screws 
@ Brackets @ Dial Locks @ Spacers 
@Shaft Locks @ Binding Posts 


Completely assembled terminal 
ards to meet all government 
specifi cations. 
Immediate delivery from stock 
or to order on all items. 
Write for Catalog 


GENERAL COMPONENTS, INC. 
225 EAST 144th STREET NEW YORK 51, N. Y 
Telephone: MO 5-0740 












For more information circle 41 on inquiry card. 


May-June, 1959 








High Speed Hard Copy Printer. This printer combines 
the CHARACTRON shaped beam tube with a xero- 
graphic process to print up to 100,000 words per 
minute on dry untreated paper, including printing on 
pre-printed forms. 
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Micro-Modular Resistors 


New molecular-structured resistors made by inscrib- 
ing ceramic wafers having a resistive surface layer 
with a series of isolation lines have been announced 
by the Daystrom-Weston Instrument Division. 

Basically, the micro-miniature resistors are a solid 
state material in the form of a ceramic wafer approxi- 
mately 0.010” thick and 0.35” square. (See Figure). 





ENLARGEMENT OF 0.35 inch-square 


microelement resistor shows how resistance 


characteristics are inscribed in the sub- 
strates. (Tiny isolation lines have been re- 
touched in photograph). 


The isolation lines shown form a two-maze pattern on 
each side of the wafer, producing two separate resis- 
tors with values ranging from 10 to one-million ohms. 
Multilayer structures of the micro-element forms can 
extend this range. Each wafer element, weighing 50 
mg, contains four resistors, which averages 40,000 re- 
sistors per pound. The stability and ruggedness of the 
basic substrate enable reliabilities of 100,000 hours to 
meantime failure, it is claimed. 

Automatic production of the micro-element resis- 
tors and of their assembly into modular circuit ele- 
ments is planned. The basic wafers will be stacked or 
interconnected, as desired, with a space of 0.01” be- 
tween elements to provide electrical de-coupling and 
to allow for joints and tolerances. 

After assembly of the elements and completion of 
all internal connections, the circuit element is sealed 
by molding or encapsulation to form a module. This 
module can function as a filter, amplifier, oscillator or 
other type of electronic sub-assembly which is com- 
bined with similar modules to form the complete elec- 
tronic package. Such modules are said to be light and 
rugged, capable of withstanding extreme shock and 


vibration. 
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Model 
868A 


NO MISTAKE... 


Tie ctateler R rT REA 


Ri 


it 
21 Ranges 


1,H to 1OOH ] F to 100..F 0.1 to 10M 


Dual Frequency, lkc & 10kc. 400 cps to order 
Built-in Oscillator and tuned VTVM Detector 
Variable Bridge Voltage, 


salsa acd meaalelalicelacie! 





111 CEDAR LANE e ENGLEWOOD, NEW JERSEY 
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PRESTO-SPLICE 
DIGITAL & 


TAPE #7 


SECONDS 


Bam? No Adhesives — No Drying Time Required 
maw 6Perfect Tape Alignment Assured Every Time 

© Collect short-ends of information on large reel for single run. 

@ Insert corrections without re-editing — add or subtract from tape as needed. 

e Fused splice works with both mechanical and photo-electric readers. 

Now splice all 5 to 8 channel paper tapes IN TWO SECONDS with the miracle Presto-Splicer. A few 

minutes work can correlate an entire day's programming. 

Permanent butt-weld or overlap splice lasts under all use conditions because the splice is actually 

electrically fused! After splicing, tape maintains original condition — data is neither destroyed nor 

distorted ... with the new information accurately inserted... at a tremendous cost saving in tape. 


Presto-Splicers are made to meet any size or custom requirement for magnetic tape, digital paper, 
35MM film, etc. Find out how — find out why! Send for our brochure. 














| PRESTO-SPLICER 


Prestoseal Manufacturing Corp. 


37-27 33rd Street, Long Island City 1, New York 
Export Dept: Reeves Equipment Corp., 10 E. 52nd St., 
New York City, N.Y. — Cable: Reevesquip, New York 
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NEW THetxorm MINIATURE COMPONENTS 


FOR ADJUSTABLE SPEED... 
IN SMALL SPACE 


Extremely small 
x Up to 0.025 HP and 10,000 RPM 
M Choice of 5 speed controls 


For use 


in countless precision 
devices where 
continuously adjustable 
speed is required... 

If small space and 
adjustable speed is your 7 Complete, ready-to-go 
problem, investigate u 
Metron Miniature Compact, adaptable 
Adjustable Ratio 

Speed Drives TODAY! M4 Quick delivery 


Write for Bulletin 96 for details... 


All aluminum housing 


INSTRUMENT COMPANY 


430 Lincoln St., Denver 3, Colo. 
a.) we’, ae eel. ae meet flew Cele me me) me lel e ae | 
e LOS ANGELES e CLEVELAND e 
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NETIC CO-NETIC 


TAPE DATA 
PRESERVERS 


Keep Data Clear, Distinct, Without Distortion 


‘ 
Permanently maintain 
original fidelity of recorded 
data on automation pro- 
gramming tapes, tele- 
metering, broadcast, video 
and hi-fi tapes by diverting 
all damaging magnetic 
fields. Magnetic shielding 
qualities not affected if 
sturdy Netic Co-Netic con- 
tainers are dropped or vi- 
brated. Containers do not 
retain residual magnetism 
nor require periodic 
annealing. 


Successfully provide simultaneous high and low inten- 
sity shielding plus high and low frequency shielding from 
all damaging extraneous fields produced by generators, 
power supplies, transformers, magnetic tables on surface 
grinders, magnetic chucks, de-gaussers, soldering irons, 
motors, power lines, welding machines, solenoids, etc. 
around factories, laboratories, military installations, and 
radio and TV stations. Available in many convenient round 
or rectangular shapes. Write for sizes and prices today. 


MAGNETIC SHIELD DIVISION PERFECTION MICA CO. 


1322 No. Elston Avenue * Chicago 22, Illinois 


For more information circle 45 on inquiry card. 


142 











rm products 


For Inertial Navigation 
FREE GYRO 


New FG01-1300 series Free Gyro 
now being used in a torpedo guidance 








| application employs high strength 
| stainless steel in the spindle and gim- 


bal assembly for maximum strength 
and rigidity. Available with 28v dc, 


115v 400 cps, or special 800 cps 
48,000 rpm motor. For the 800 cps 
motor a transistorized power supply 
of 2-gyro capacity is available. The 
Free Gyro may be supplied with 
electrical caging and uncaging or 
manual caging and electrical uncag- 
ing —Humphrey, Inc., 2805 Canon 
St., San Diego 6, Calif. 
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VERTICAL GYRO TRANSMITTER 


New Type 1428-1-A miniature ver- 
tical gyro transmitter features her- 
metically sealed hysteresis synchron- 
ous motor with speed of 24,000 rpm 
and moment of inertia of 1200 gm- 
cm?. Operating temperature range is 
from —55° to 71°C; Autosyn synchro 


data transmitter provides a maximum 
output voltage of 11.8v, with 30 mv 
max at null, maximum error of 7 
minutes and sensitivity of 200 mv 
degree. Has 360° of freedom in bank 
with controlled tumbling at 85° in 
pitch.—Eclipse-Pioneer Div., Bendix 
Aviation Corp., Teterboro, N. J. 
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FLOATED RATE GYRO 


New M2500 series miniature high- 
accuracy floated rate gyro for mis- 
siles are only 2” in diameter yet show 


superior performance characteristics: 
Mass unbalance, 1°/hr max untrim- 
med; restraint, 0.5°/hr max untrim- 
med; max drift rate, 0.015°/hr/G? 
steady acceleration—Kearfott Co., 
Inc., 1500 Main Ave., Clifton, N. J. 
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RATE GYRO PACKAGE 


New subminiature rate gyro pack- 
age for missile and aircraft flight 
stabilization provides 3-axis angular 
velocity sensor in 3” cube weighing 


less than 1 lb. Includes three Sanders 
type RGB temperature-compensated 
subminiature rate gyroscopes, a 
phase-splitting capacitor and choke 
to give constant pick-off excitation 
despite frequency or temperature 
variations.—Sanders Associates, Inc., 
Nashau, N. H. 
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MINIATURE RATE GYROS 


Miniature fluid-filled rate gyros 
for precise angular rate measure- 
ments despite extreme shock and vi- 
bration of missile environments 


achieve 30-second warm-up time 
due to heaterless compensation 
methods for fluid viscosity variation 
due to temperature changes. Fluid 
filling reduces bearing and poten- 
tiometer wiper friction, provides high 
immunity to shock and vibration ef- 
fects.—Kearfott Company, Inc., 1500 
Main Ave., Clifton, N. J. 
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GYRO TEST CONSOLE 


New console designed to measyp, 
the transfer function and damping 
characteristics of rate gyros jg ¢, 
gineered for operator’s Convenienes 
as well as for high accuracy, Jp. 


cludes low frequency decade oseill,. 
tor, low frequency resolved component 
indicator, carrier converter, power 
supply, velocity pickup head ampli. 
fier, rate vibration table control unit 
and rate vibration table. Space fo 
gyro spinner motor and pick-off poy. 
er supply is also provided.—Wester 
Div., Solartron, Inc., 10761 Burbank 
Blvd., North Hollywood, Calif. 
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SIZE 8 SERVO MOTOR 


New Model SDC %” Servo Motor, 
said to be lightest and one of shortest 
servo motors, produces 1 oz-in torque 


at stall. Input power range is 6 to 
115v ac.—Servo Dynamics Corp, 
Somersworth, N. H. 
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STABLE PLATFORM 
SLIP RING ASSEMBLY 


Fifty slip rings, 100 brushes are 
ballbearing mounted and packaged in 
a dust-sealed housing only onehalf 
size of a cigarette. Noise levels below 
50 uv, with breakaway friction under 


50 gm-cm and brushes tuned to dit 
ferent resonant frequencies are fes- 
tures of assembly which meets Mil 
Spec 5400A. Specifications on 
quest.—Slip Ring Company 4 


America, 5456 West Washingtm 
Blvd., Los Angeles 16, Calif. 
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Rapid Automatic Picture 





ing Printer 
* The view shown is an unenlarged portion of a 
i 9” x 9” xerographic aerial print produced in 22 sec- 


onds from an aerial negative by the new Xerox Auto- 
matic Picture Printer. This machine, operating on the 
dry electrostatic principles of xerography, requires no 
liquids, chemicals, sensitized paper, or darkroom, but 
produces finished permanent pictures up to 9 inches 
wide of any length on inexpensive unsensitized paper 
at the rate of 20 feet per minute. At this rate, a differ- 
ent 9 x 9-inch picture emerges from the printer every 


214 seconds. 


apli- 
unit 
for 
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card, 
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rque 





“ rat ry 
_" Ae ma anti Sa ad / 
SECTION OF AERIAL PHOTOGRAPH printed by 


new Xerox Automatic Picture Printer. 





The machine, developed under the combined spon- 
sorship of the Signal Corps and the Air Force, pro- 
6 duces dry prints of unusually high resolution which 
can be immediately viewed seconds after picture print- 
ing begins, which permits photographic “contrast” to 
be immediately modified as desired by electrical con- 
trols on the printer. 

The xerographic process is not effected by gamma 
and neutron radiation, except during the moment be- 
fore exposure. In this fraction of a second the electro- 
static charge sensitizes the selenium drum, which in 
turn processes image so quickly that the prints are 
unaffected. This contrasts with the great danger to 
stocks of sensitized paper from prompt and residual 
radiation incident to an atomic explosion. The high 
speed with which prints may be made available for 
intelligence study within minutes after the return of a 
photographic mission is another military advantage 
of importance. 

The Xerox Automatic Picture Printer is now in the 
prototype development stage and represents a scientific 
achievement rather than a commercial development, 
according to Dr. John Dessauer, Haloid Xerox vice 
president for Research and Development. Haloid 
Xerox also has developed and presently manufactures 
the Xerox Copyflo Continuous printing copying ma- 
chine for copying engineering drawings from micro- 
film, and the copying machines for rapid reproduction 
of drawn or printed materials. 
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ALTITUDE CONTROLLER 


Missile and aircraft barometric 
controller with infinite resolution acts 


ee a ; 
as altimeter or provides output for 
flight control. Standard altitude 
range is 0 to 100,000 ft with tempera- 
ture errors within + $8 ft. from 
—55° to 71°C.—Electronic Controls 
Div., General Controls Co., 801 Allen 
Ave., Glendale 1, Calif. 


For more information circle 99 on inquiry card. 


MINIATURE ACCELEROMETER 


Three-ounce Model GMA accel- 
erometer for missile flight control, 


telemetering and aircraft applica- 
tions covers range from +0.5G to 
+100G with natural frequencies from 
12 cps to 75 cps. Temperature com- 
pensated to operate to specifications 
between —20° to 250°F.—Genisco, 
Inc., 2233 Federal Ave., Los Angeles 
64, Calif. 
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AIRCRAFT RELAYS 


New “Diamond H” Series R/S 
miniature, hermetically sealed air- 
craft type 4PDT relays are now avail- 
able with AN type connector. Fea- 
ture high sensitivity, excellent resist- 
ance to temperature (200° C or 






higher), shock (50 G or more) and 
vibration for use in missiles, ground 
and airborne computers, jet engine 
controls and similar applications re- 
quiring utmost reliability—Hart Mfg. 
Co., 110 Bartholomew Ave., Hartford 
1, Conn. 
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BREEZE PRODUCTS: ACTUATORS 
+ BELLOWS - 


STARTER GENERATORS 








BREEZE SLIP RINGS 


In circuitry where slip rings must function with 
dependable precision and stand up under diffi- 
cult operational conditions, BREEZE slip 
rings will do the job. 


From 2-ring to 500-ring assemblies . . . currents 
as high as 350 amps continuous at 220 volts 
and 700 amps overload at 220 volts. Special 
high voltage designs available; radio frequency 
assemblies ... high speed rotation for thermo- 
couple and strain gage applications. Also seg- 
mented ring assemblies for accurate sequencing 
and timing. 


Consult us or write for detailed literature. 


y MAR K 


CORPORATIONS, INC. 
700 LIBERTY AVE., UNION, N.J. 


HOISTS + TRANSMISSIONS + GENERATORS + STARTERS 
SLIP RINGS + HOSE CLAMPS + HITEMP FLEXIBLE TUBING 


For more information circle 46 on inquiry card. 





INERTIA SWITCH 


New SPDT inertia switch can be 
mounted to detect acceleration forces 
in any plane, and adjusted for equal 





or unequal sensitivity in either direc- 
tion along longitudinal axis. Stand- 
ard units are factory adjustable from 
1 to 3 G with special units to 50 G. 


Reset is automatic—The Magnavox 
Co., Dept. NP, Govt. & Ind. Div., Fort 
Wayne, Ind. 


For more information circle 102 on inquiry card. 


DIGITAL MOTOR 


Bi-directional digital motor used 
to generate intermittent motion for 
pulsed cameras, can be programmed 
by tape to actuate many types of 
automated equipment, flight control, 
etc. Armature moves in direction of 
field magnetization and returns to 
center position when demagnetized.— 
Components Dept., Electronics Div., 
Curtiss-Wright Corp., 620 Passaic 
Ave., West Caldwell, N. J. 
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NEW-50% Smaller’ 


HIGH-SPEED ROTARY SWITCH 


*New Design Concept 
Fits into half the 
space... 










Exclusive IDL motor-within- 
commutator design makes 
possible this miracle of 
miniaturization. 


® 2,3 or 4 poles 

© 45 BBM contacts per 
pole 

1 ® Pole speeds 20 rps 

® To IRIG PDM standards 


WRITE For Gia 


BULLETIN #41024 


INSTRUMENT DEVELOPMENT LABORATORIES 

INCORPORATED 

A Subsidiary of Royal McBee 
Corporatien 


54 Mechanic St., Attleboro, Mass., U.S.A. 
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#1024 & 


BULLETIN 











TYPE ROTARY 


SWITCH 


meets MIL specification MIL-S-21604 
and BuShipsDrawing Number css 
9000-S6202-74422 . 













; Maximum of 
eight contact positions 
and up to ten sections, 
controlled by a 

single knob. 


Type JL rotary switch 
provides unlimited rotation 
in both directions. Move- 
ment can be limited to any 
number of eight positions 
by two stop screws. 

Designed for single-hole 
panel mounting. 

Electrical Rating: 

5 amperes, 125 volts a-c, 


Write for Bulletin No. 10 


ESCO o WEYMOUTH 


ELECTRO SWITCH CORPORATION 


Weymouth 88, Massact 
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New Products —conr. 


PORTABLE SYNCHRO TESTER 


New Model TE-2A Synchro Test 
Standard combining four rapid field 
tests of aircraft synchro-transmitter/ 








indicator systems, is housed in rain- 
tight aluminum case. Connects at any 
convenient point in series with 26v 
400 cps synchro system to be tested. 
Master Indicator has 3” dial accurate 
to 0.5°; Master Transmitter has digi- 
tal readout to 0.05°.—U. S. Gauge 
Div., American Machine & Metals, 
Inc,. Sellersville, Pa. 
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TEMPERATURE SENSORS 


New VECO Temperature Sensor 
Assemblies incorporate reliable and 
stable thermistors capable of detect- 
ing changes less than 0.001°F. Easily 





mounted by fasteners or taped, sol- 
dered or cemented to surfaces for in- 
flight telemetering from missiles, 
satellites or aircraft. Bulletin SP31 
is available.—Victory Engineering 
Corp., 534 Springfield Rd., Union, 
N. J. 
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TEMPERATURE & PRESSURE 
PROBES 


Complete line of temperature and 
pressure sensing probes and rakes 





for total, static and pilot static pres- 
sures, and with water-cooled tempera- 
tures to 4000° is available or fabri- 
cated to specs—Instrument Div., 
Pemeco, Fnc., 5663 Brecksville Rd., 
Cleveland 31, Ohio. 


For more information circle 106 on inquiry card. 


DIFFERENTIAL PRESSURE 
SWITCH 


New poppet-actuated SPDT switch 
has positive action on low differential 
pressures without chattering. No bel- 





lows or diaphragms are used; high 
reliability qualifies it for aircraft, 
missile and military ground installa- 
tions.—Consolidated Controls Corp., 
750 So. Isis Ave., Inglewood, Calif. 


For more information circle 107 on inquiry card. 


CONVERTER-TRANSDUCER 


Kavlico converter-transducer pro- 
vides de output to replace potentiome- 
ter where ac input is available, in 
measuring, telemetering and control 
applications. Advantages claimed are 





no sliding contacts, infinite resolution, 
high environmental resistance, high 
linearity and sensitivity up to 200 
volts/inch displacement. Temperature 
range is —320° to 250°F.—Vinson 
Eng. and Sales Co., 8044 Woodley 
Ave., Van Nuys, Calif. 
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AC POTENTIOMETER 


New “Vernistat” Model 3-B has 
only 40-ohm output impedance with 
a linearity within + 0.01%, obtained 
by combination of precision wire- 
wound potentiometer and a precisely 





ee 


tapped autotransformer in a BuOrd 
size 18 housing. Uses 30 shaft turns 
for full scale; minimum input im- 
pedance at 400 cps is 50,000 ohms 
with quadrature less than 0.1 mv/ 


volt.—Vernistat Div., Perkin-Elmer 
Corp., Norwalk, Conn. 
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HIGH-TEMP SWITCH 


New KLIXON high temperature 
limit switch maintains operating 
characteristics during long periods 
as high as 800°F. SPDT contact rat- 
ing of 5 amp 30 v dc resistive, is used 






in missile, high temperature appli. 
cations, or wherever extreme ¢o;. 
rosive conditions are present— 
Spencer Div., Metals and Control 
Corp., Attleboro, Mass. 
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GLASS CASE MINI POT 


New wirewound “NEC-POT” mini. 
ature potentiometer hermetically 
sealed in all-glass case is 1009, 
humidity-proof, with all parts visible, 










i ils A, la 


Supplied in 100-ohm to 30K-chn 
values with tolerances of + 2%, ty 
operate over temperatures from 
—55° to 225°C. Rated 2 watts at 
85°C.__Networks Electronic Corp, 
14806 Oxnard St., Van Nuys, Calif. 
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RESISTANCE THERMOMETERS 


New MH Series STIKONS, high- 
temperature resistance thermometers, 
with HYTEMCO grids and nickel 
lead wires provide continuous opera- 






tion to 800°F, intermittent to 1000°F. 
With proper bonding, time constants 
are as low as % second.—Arthur C. 
Ruge Associates, Inc., Hudson, N. H. 
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THERMAL TIME DELAY 


New Type PT Thermal Delay Re- 
lay for printed-circuit mounting in 
missile use operates under vibration 


of 20 G to 2000 cps and shock of 506 
for 11 ms to give factory-set delays 
for periods from 3 to 60 sec. Ambient 
temperature effects held to +5% 
over the —65° to 125°C range. Specs 
on request.—G-V Controls Inc., Okner 
Pkwy, Livingston, N. J. 
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MILITARY SYSTEMS DESIGN 
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MIN| POWER RELAY 


New Model 26S20 hermetically 
sealed miniature DPDT relay has 
rated life of 100,000 operations at 25 


amp, 115 v ac resistive; only 
1%” x 1%” x 211/16” high—Kur- 
man Electric Co., Div. Norbute Corp., 
191 Newel St., Brooklyn 22, N. Y. 
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KEYBOARD TYPE SWITCH 


New 6-Pole Keyboard Switch is 
available in either Push On-Push Off 
or Momentary style with any com- 


bination of normally-closed, normally- 
open contacts rated at % amp at 28 
v de.—Pendar, Inc., Switch Div., P. O. 
Box 3355, Dept. D., Van Nuys, Calif. 
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PUSH-BUTTON SWITCH 


Miniaturized environment-free 
sealed push-button switch combines 
corrosion resistant materials and 
moisture-proof construction. Rated 6 


amps 125 v ac/30 v dc resistive; oper- 
ating force of 8 to 12 lbs enables 
SPST switch to break ice or dirt 
coatings on plunger.—Electrosnap 
+ 4220 W. Lake St., Chicago 24, 
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METAL CONSOLES 


New Prem-O-Pak Console cabinets 
for modular console systems can be 
Provided in variety of arrangements, 
including sloping cabinets, desk tops 
and pedestals, turrets and sliding 
drawers.—Premier Metal Products 
a 337 Manida St., New York 59, 
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Robert Harding, right, assistant chief engineer of Arma division, American Bosch Arma Corporation, points out to Frank McShane, cost-improve- 
ment expert, the high quality and contrast of an 11”x17” stock print reduced from an original 22”x34” drawing. The print is a sample of many 
run off on an offset duplicator from an inexpensive offset paper master prepared xerographically by XeroX Model 1218 copying equipment. 


Mf? MAl SAVES *82,000 YEARLY 


... reproducing 


Arma Division, American Bosch Arma 
Corporation, is saving $82,000 a year 
in the rapid reproduction of engineer- 
ing drawings, drawing-change notices, 
specification sheets, and parts lists. 
Arma manufactures midget brains for 
missiles and other intricate electronic 
devices. 

The $82,000 economy results from 
the installation of XeroX® Model 1218 
copying equipment and offset duplicat- 
ing to supplant conventional drawing- 
reproduction methods. 

XeroX Model 1218 copying equip- 
ment, operating on the principles of 


°* engineering drawings 

* drawing-change notices 
° specifications sheets 

° parts lists 


xerography—clean, fast, dry, electro- 
static—prepares inexpensive offset pa- 
per masters from original engineering 
drawings of A to D size. 

The larger drawings are reduced 
with fine legibility to 12”x 18” masters, 
from which multiple prints are quickly 
run off on offset duplicators. 

The quality of copies is superb. Yet, 
prints cost so little that engineers are 
encouraged to discard them after use, 
rather than re-file them. 

Drawing-change notices now reach 
production lines and suppliers faster 
than ever before. 
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An Arma engineering library of ex- 
pendable drawings provides prints, run 
off in advance of actual need, for en- 
gineers’ self-service availability. 

Xerography can help you, too. Write 
for proof-of-performance folders show- 
ing how companies of all kinds and 
sizes are speeding paperwork duplicat- 
ing and saving thousands of dollars 
yearly by xerography. Haloid Xerox 
Inc., 59-200X Haloid Street, Rochester 
3, New York. Branch offices in prin- 
cipal U.S. and Canadian cities. 
Overseas: Rank Xerox Ltd., London. 


HALOID 
XEROX 
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METALLIZED components 
for precision equipment by 
high vacuum deposition. 


Check this list and let us know your 
special requirements; if it can be 
made by high vacuum; we will make 
it. 


ELECTRONICS 
Metal film resistors, rod and disc 


Metallized glass attenuator plates, 
per MIL-A-11052A 

Mica resistance elements 

Resistance strips for temperature 
gauges 


Erosion gauges* 


OPTICAL 
Anti-reflection Lenscote® 


Front surface mirrors 
Semi-transparent mirrors 
Density Filters 
Interference films for Infrared 


Anti-static coatings 





*Metavac Resistance Strip used by 
Naval Research Laboratory on 
Vanguard Satellite to measure ero- 
sion caused by Meteor contact. 


Metavac, Inc. is the best equipped 
and most experienced vacuum coat- 
ing laboratory servicing both the 
Electronic and Optical Industries for 
the past twelve years. Facilities avail- 
able for Research and Development 
work. Ask for brochure on “PRECI- 
SION COMPONENTS BY THE EX- 
PONENTS OF HIGH VACUUM". 


METAVAC, INC. 
45-68 162nd Street 
Flushing 58, New York 
Hickory 5-0400 
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New Products for 
Missile Instrumentation 


MISSILE RECORDER 


New Model 820G Event Recorder 
records 21 channels “on-off” informa- 
tion on 100 ft electrosensitive paper 
chart 3 15/32” wide. Records in any 





position at speeds from 1 to 8 ips 
under high shock and acceleration of 
missile firing.—Photron Instrument 
Co., 6516 Detroit Ave., Cleveland 2, 
Ohio. 
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CLOUD COVER RECORDER 


Basic tape recorder for Satellite 
use is only 54%” wide, uses 75-ft end- 
less loop cartridge in recording cloud 


pictures and communications, for re- 
transmittal when interrogated from 
earth— Minnesota Mining & Mfg. Co., 
900 Bush St., St. Paul 6, Minn. 
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THREE-SPEED MOTOR 


Enclosed explosion-proof 24 v de 
centrifugally-governed 3-speed motor 
for military camera and tape appli- 
cations is rated at 0.1 hp at 1920, 





1440 and 960 rpm with + 1% varia- 
tion. Adaptable to customer require- 
ments.—Western Gear Corp., Electro 
Products Div., 132 West Colorado St., 
Pasadena, Calif. 
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HIGH TEMPERATURE CAMERA 


New HS-16WJ camera is used in 
gathering shock and vibration data 
in vicinity of rocket nozzles during 
static firings at Edwards AFB. Sur- 
rounded by a stainless steel water 
jacket, and with lens protected by a 





stainless-steel tube with safety plate 
glass, a modified HS-16B reduced in 
size and film capacity, but incorporat- 
ing standard correlation switches and 
footage counter, withstands tempera- 
tures estimated at 5,000°F and ve- 
locities in excess of Mach 2. The new 
camera and water jacket are shown. 
—Benson-Lehner Corp., 11930 W. 
Olympic Blvd., Los Angeles 64, Calif. 
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EXPOSURE METER 


New HS3201 reflectance exposure 
meter for high-speed photography 
gives pin-point reading by sighting 
on subject. Dial reading for 2° field 
is given by operation of high- or low- 





range button on meter. Aperture 
setting is read directly from ring 
scale, preset to film speed.—Indus- 
trial Prod. Div., Fairchild Camera 
and Instrument Corp., Robbins Lane, 
Syosset, L. I., N. Y. 
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SMALL DIAMETER PHOTOTUBES 


Two new %” diameter multiplier 
phototubes for space vehicle and other 
cramped-space applications have per- 
formance characteristics equal to 





large tubes. Type 6362 uses silver 
magnesium dynodes for max stability 
at high voltages; Type 6935 with ces- 
ium antimony dynodes features high 
gain at low voltages. Technical specs 
on request.—Electronics Tube Sales 
Dept., Allen B. DuMont Labs., Inc., 
750 Bloomfield Ave., Clifton, N. J. 
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Design Parameters of Jiu 
Ferrac Magnetic Amplifiers fy = 5 


IMPEDANCE PARAMETERS.—Push-pulll polarn ft" 
reversible magnetic amplifiers of the instrument type 
should be defined and discussed as are other agtiy, 


circuit elements such as transistors and vacyyp 4F 
tubes. Just as transistors are characterized by hybyij — 
h parameters (8) and vacuum tubes by conductang . 


parameters (gm), the appropriate parameters of , 
magnetic amplifier as a current input, voltage output 
device are contained in its impedance matrix. 

One property enjoyed by magnetic amplifiers }y. 
sides unlimited life and indestructibility is the cop. 
plete isolation between all terminal pairs. To utili, 
this, Airpax magnetic amplifiers are supplied wit, 
two input windings for flexibility in feedback apj 
signal mixing. At DC there is no interaction betwee, 
the two inputs. Also, unlike transistors, the magneti 
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amplifier is a perfectly unilateral device with no re M§ brochure 

verse transconductance, that is, current and voltages Airpax E 


at the output are not reflected to the input. Our im. 
pedance matrix takes the form of Fig. 1 where: 
















ra = open circuit input resistance of winding A. | 
rp = open circuit input resistance of winding B. 

to = output resistance. Elimin 

Aa = open circuit transresistance of winding A most frag 

(output voltage per unit input current). is accom 

Ag = open circuit transresistance of winding B. Sensitive 
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FIG. 2. SIGNAL FLOW Graph. - 

; FIG. |. 

The signal flow graph? of Fig. 2 shows the necessary @ i, cip 

relationships in perhaps the simplest language of linea MH i, |a}, 

feedback analysis. Th 

LINEAR RANGE.—These new FERRAC amplifiers Zs ne 

are voltage limited. Their linear range (all types it F _ | 

this series) is +10 v at their normal load of IK fa * 

Saturated output at 1K load is approximately +151 ® og 

and the maximum output (full saturation, no load) i fH ‘“" *S ‘ 

psec 4page | 

2 “Feedback Theory—Some Properties of Signal Flow Graphs, Co, 105 
S. S. Mason, Proceedings of the I.R.E., September, 1953. 
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about +25 vde. Due to signal mixing within the 


amplifier at its output, the output cannot be replaced 


py a simple Thevenin equivalent circuit especially 


yith respect to linear range. In Figure 3 the useful 
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FIG. 3. FERRAC AMPLIFIER Load Lines. 


output current or voltage linear range is shown in the 
|), Eo plane. Into an open circuit, the linear range, 
defined as a 5% departure, is 13 v and into a short 
circuit the linear current range is 15 ma. Maximum 
power within the linear range occurs as shown at 10 v, 
10 ma on a 1K load.—(From new 4-page Technical 
brochure describing 400-CPS FERRAC Amplifier.— 
Airpax Electronics, Inc., Ft. Lauderdale, Fla.) 
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New Meter Principle 


Elimination of hairsprings, jewels and pivots, the 
most fragile elements of a conventional meter system, 
is accomplished in a new meter designed for Super- 
Sensitive Laboratory Instrument (Class 0.5) appliva- 
tions. Sensitivities to as low as 2 microamperes full 
scale are combined with overload capabilities up to 
9 times full scale indefinitely, and ability to withstand 
surges up to 300 times normal current. 
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FIG. |. NEW SUPERSENSITIVE METER suspension 
principle gives rugged reliability, higher accuracy 
to lab meters. 


The new taut-band suspension system is available in 
a wide range of meter types; including 100° arc- 
angle, 250° arc-angle, ac iron vane, ac dynamometer, 
D’Arsonval, and in all panelboard style housings as 
well as switchboard and portable styles.—(From new 
tpage Brochure, The Hickok Electrical Instrument 
Co., 10514 Dupont Ave., Cleveland 8, Ohio.) 


For this literature circle 125 on inquiry card. 


May-June, 1959 











BACK-PACK-TV 


New 4-lb. “Tele-Tran” camera and 
12-lb back-pack transmitter is a com- 
pletely transistorized TV system 





operating in the 1300-1900 mc band, 
and having range of % mile. Com- 
pletely automatic operation includes 
automatic light level compensation at 
camera.—Dage Television Div., 
Thompson Ramo Wooldridge, Inc., 
Michigan City, Ind. 
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DOVAP FILTERS 


New Model 354 crystal filters for 
the 37mc range achieve RF system 





selectivity in DOVAP Doppler mis- 
sile locator system (See article, ‘““Mis- 
sile Range Instrumentation” this is- 
sue) to prevent false triggering. 
Technical Bulletin on request.—Hy- 
con Eastern, Inc., 75 Cambridge 
Pkwy, Cambridge 42, Mass. 
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MISSILE BEACON 


High-power and sensitivity fea- 
ture new S-band decoder type guided 
missile beacon, Model SRTS-2003CH, 
developed to work with advanced 
radars using coders such as KY-94/ 






GPA, but can be modified to meet 
other requirements. Developer also 
will supply information on related 
missile and drone problems.—Telerad 
Mfg. Corp., 1440 Broadway, New 
York 18, N. Y. 
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than 
nitrogen 

at a fraction 
of the cost! 
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Down to 00°F dewpoint 
~~ © Completely automatic _ 
° Completely oil-free 


Military-style and commercial style complete dry-air systems 
ready to plug into the nearest electric power source. Opera- 
tion completely automatic and dependable. Costs a fraction of 
bottled gas supplies. Incorporates exclusive Trinity Heat-Les 
dryer for super-low dewpoints, complete oil removal, and 
elimination of costly, troublesome reactivation heaters. 


WRITE FOR COMPLETE DETAILS... 


world leader in dry gas systems 


Desiccant dryers, Heat-Les and Heat Reactivated types e 
Complete dry air/gas systems « Thermowells « Thermocouples 


TRINITY EQUIPMENT CORPORATION, CORTLAND, NEW YORK 
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New Products—conr. 


TELEMETER RF AMPLIFIER 


Model A-25 power amplifier, to ex- 
tend telemetering transmitter range 
in 215-260 mc band, supplies 25 watts 





output from 2-watt input. Primarily 
designed for FM or PM systems, is 
also adaptable for AM with slightly 
reduced output. Meets high environ- 
mental missile conditions, weighs only 
1.5 lbs.—Dorsett Labs., Inc., 401 East 
Boyd, Norman, Okla. 
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MAGNETIC DATA AMPLIFIER 


New Type M-5301-D Magnetic 
Data Logging Amplifier is a three- 
stage, molded magnetic differential 
amplifier for use with thermocouple, 





strain gage and other dc transducers. 
Performance similar to that of chop- 
per amplifiers; voltage gains of from 
100 to 10,000 are obtained by use of 
external resistors.—Airpazx Elec- 
tronics, Inc., Seminole Div., Fort 
Lauderdale, Fla. 
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LUMPED CONSTANT DELAY 


Model F341 lumped constant delay 
line for data conversion has 300 ohms 





Shs 


impedance with rise time of 0.15 
usec. Total delay is 2.4 usec, tapped 
at 0.8 and 1.75 usec. Built to MIL- 
specs, is %” x 1” x 5”.—Con- 
trol Electronics Co., Inc., 10 Stepar 
Place, Huntington Station, N. Y. 
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TRANSISTORIZED VHF 
CONVERTER 


New Model HLH-103-1 transistor- 
ized converter, a component of the 
Signal Vehicular Radio Communica- 
tions System (AN/VRC-12), pro- 
vides continuous tuning from 20-76 
mc in two bands with 4.2 turns per 
band. Modular design and printed 





circuitry is used for quick repair- 
ability. A frequency control system 
using variable-capacity diodes pro- 
vides excellent pull-in range at all 
frequencies, and LO stability ist 130 
ke max over the temperature range 
from —40° to 85°C.—P. R. Mallory 
& Co., Inc., 3029 East Washington 
St., Indianapolis 6, Ind. 
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L-BAND ANTENNA 


Telemetry antenna for 1400 mc 
telemetry band designated Model 9955 
provides all-metal leading edge of 





hign aspect ratio for minimum drag 
with body of high-temperature plas- 
tic or ceramics. Polarization is per- 
pendicular to mounting surface with 
circular radiation pattern, with a 
VSWR of 1.5 over a 25% frequency 
band. Scaled versions also available 
for UHF, S and C bands.—Canoga 
Div., Underwood Corp., 15380 Oxnard 
St., Van Nuys, Calif. 
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MICRO AN-DIG ENCODER 


Model AD11-13 Analog-Digital 
shaft encoder for airborne use is 
only 1.062” diameter, yet converts 





analog inputs to 13- bit information, 
eliminating ambiguity by V-scan 
brush arrangement and internal isola- 
tion diodes.—Litton Industries, Com- 
ponents Group, 5873 Rodeo Rd., Los 
Angeles 16, Calif. 
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SUPER VIDEO AMPLIFIERS 
Two M-630 (60 db gain) or two 
M-680 (20 db gain) video amplifier 
sections are used with a common pow- 
er supply in a single case. The two 
Hit a " 





sections can be used separately, in 
cascade, in parallel or in push-pull 
operation (for scope deflection) for 
versatile instrumentation applica- 
tions.—Instruments for Industry, 
Inc., 101 New South Road, Hicksville, 
| Se 
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“GROUND-NOISE-LESS” 
AMPLIFIER 


Model 114A Differential DC Ampli- 
fier for transducer inputs has very 
high common-mode rejection to elimi- 
nate noise and spurious pickups. Six 
Amplifiers shown each contain two 
chopper-stabilized amplifier circuits, 





transistorized except for output tubes, 
and electrostatically shielded from 
each other. Output and input can be 
floated up to 250 v difference in po- 
tential—Kin Tel Div., Cohu Elec- 
tronics, Inc., Box 623, San Diego 12, 
Calif. 


For more information circle 136 on inquiry card. 


TRANSISTORIZED IF 
AMPLIFIERS 


New completely transistorized T- 
300 Series IF amplifiers for radar, 
telemetry, computer and custom com- 
munications equipment are available 





in T-330A (80 db gain, 10 me band- 
width) and T330B (100 db gain, 3 me 
bandwidth) models. All interstages 
are shielded with printed circuit 
board acting as ground plane. All 
applicable MIL-Specs are met.—In- 
struments for Industry, 101 New 
South Rd., Hicksville, N. Y. 
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Solder Joint Inspection 
Improves Reliability 


Wherever solder joints are used, possibility of {gj 
ure is an important factor in reliability. At Dressen. 
Barnes, Pasadena, California, a thorough inspection 
of each solder joint on every DC Power Supply pro. 
duced has improved reliability by an impressive factor 
Failure due to imperfect solder joints has been re. 
duced to virtually zero. 

The Dressen-Barnes solder joint inspection pro- 
cedure has been nicknamed the “red-dot” check be. 
cause each joint is painted with a RED DOT after th. 
following three part inspection: 





RED-DOT TECHNICIAN paints red dot on solder 
joint after giving it careful 3-way inspection prior to 
electrical tests and run-in operation. 


PHYSICAL CHECK: 


Each solder joint is physically checked by manipv- 
lating the wires terminating at the joint. Any loose- 
ness existing or developing as a result of the check is 
cause for rejection. 


OPTICAL CHECK: 


If the joint passes the physical check, a powerful 
hand magnifying glass is used to inspect the joint for 
porosity and form. 


COLOR CODE CHECK: 


Incorrect wiring is not always immediately apparent 
from bench tests or proper run-in checks. For this 
reason, at the “red-dot” stage, the color coding of 
wires terminating at each joint are checked by the 
red-dot technician against the production wiring 
diagram. 

Experience has proved to Dressen-Barnes that the 
cost of the detailed red-dot check is largely offset by 
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savings realized at the final test and run-in inspection. 
By catching all wiring errors and all less-than-ideal 
solder joints before bench tests, the testing time has 
heen cut appreciably, and the failures showing up dur- 
ing the rigorous run-in operation have been substan- 
tially reduced. Thus, both testing time and the num- 
ber of rejects beyond production have been cut, prov- 
ing the importance of solder joint inspection before 
shipment. | . 

Reliability is improved because long-time failures 
due to deterioration of joints and component failure 
due to wiring errors of limited immediate electrical 
significance are eliminated by this “before test” in- 
spection. The record of continued performance of 
Dressen-Barnes DC Power Supplies after delivery helps 
keep costs low by eliminating factory rework of de- 
livered equipment. 

(Copies of Dressen-Barnes “Operating Procedure 
For Solder Joint Checks” are available upon request.— 
Dressen-Barnes Corp., 250 N. Vinedo Ave., Pasadena 


8, Calif. 
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Accelerometers are Self- 
Contained Recorders 


Two self-contained recording accelerometers for use 
in studies of water-entry shock, ground impact or ex- 
plosion blast, and rocket sled accelerations, have been 
developed by the Inet Division, Leach Corporation, 
Compton, Calif. The Multiple Recording Accelerom- 
eter, Model MRA-440 (left) contains eight tuned sens- 
ing elements which measure and record the shock re- 

















ioe 


MULTIPLE RECORDING ACCELEROMETER (left) 
contains eight tuned sensing elements. Triaxial Re- 
cording Accelerometer (right) has three elements 
oriented in mutually perpendicular planes. 


sponse spectrum of the motion to which it is subjected. 
It weighs only 2 ounces. 

The Triaxial Recording Accelerometer TRA-200, 
(right) has three sensing elements arranged mutually 
perpendicular which directly sense and record all data 
concerning the acceleration-time history of its motion 
along each of its axes. The TRA weighs six ounces. 

Neither of the models require connection to external 
devices for readout, although the TRA requires ex- 
ternal power proportion. Because of their small size, 
both can be installed in nearly any desired location 
In a missile, 
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PRECISION COUNTER 


Series 2500 high-precision mechan- 
ical counter for military and tele- 
metering applications features oper- 
ating speeds to 1850 rpm, low start- 
ing torque (0.5 oz-in) and can be 


supplied with servo-operated readin 
and readout.—Chicago Dynamic In- 
dustries, Inc. Precision Prod. Div., 
1725 Diversey Pkwy, Chicago 14, IIl. 
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METER-RELAY CONTROL UNITS 


New miniaturized meter-relay con- 
trols with self-contained power sup- 
plies are available in ruggedized lim- 
it-control and automatic-control cir- 





cuits in both rectangular and round, 
ac and de models, for missile ground 
support equipment.—Assembly Prod- 
ucts, Inc., Chesterland, Ohio. 
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SIGNAL CONDITIONER 


Magnetic Signal Conditioning sys- 
tem for telemetering and other data- 
collection and processing applications 
features versatility and flexibility in 
a modular construction. Lightweight 
aluminum frames accommodate from 





one to several hundred modules of 
equal size and appearance. Modules 
available at present are: Power Sup- 
ply Regulator, Vibration Amplifier, 
Carrier-Amplifier, DC Amplifier (0 
to 2 eps) and DC Amplifier (0 to 
100 cps).—Magnetic Research Corp., 
3160 W. El Segundo Blvd., Haw- 
thorne, Calif. 
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FOR RADAR ENGINEERS 


General Electric Inductrol* regulators 
keep radar systems on the air 
effectively and accurately 


Automatic control requirements for 
correcting voltage fluctuations are en- 
counteréd in all portions of a radar 
system. Control can be handled by 
Inductrol regulators at the input to 
each component of the system, at the 
input of a group of components, or at 
the input to the entire system. Induc- 
trol voltage regulators can also supply 
run-up voltage or current where re- 
quired. 


ac Control 

3 

input To loads 
line 


AN INDUCTROL REGULATOR control- 
ling incoming voltage fluctuation in a 
three-phase circuit is shown in the 
above diagram. The three-phase regu- 
lator corrects each phase of the sys- 
tem concurrently and by the same 
amount. 


Where phase voltage unbalances 
create operational difficulties by intro- 
ducing ripple in the d-c power sup- 
plies, individual line control with sin- 
gle-phase regulators will correct these 
unbalances. They can be installed on 
any portion of the system. 


THREE SINGLE-PHASE INDUCTROL VOLT- 
AGE regulators are connected line-to- 
neutral on a four-wire, thre -phase 
system in the diagram below. Each 
regulator will control a phase of the 
system independently of the others— 
thus making available a _ balanced 
three-phase voltage output regardless 
of existing load unbalances. 

As an example, power feeding a 
radar system requires regulating equip- 
ment to correct for incoming voltage 
variations of +15%, and maintain a 
constant input voltage to the system 
within a bandwidth of +1%. Load— 
500 kva, balanced three-phase; system 
voltage—480 volts, 60 cycles. Require- 
ments: maintain a constant voltage 





output of 480 volts, +1%. Installation 
is at a remote location. Regulating 
equipment must not require mainte- 
nance and its controls must be “drift- 
free.” 


To meet this requirement, the Gen- 
eral Electric Inductrol regulator will 
correct for incoming line variations 
from 408 volts to 552 volts. Using 
basic formulae, we determine the load 
current to be 600 amps and that the 
regulator will have an 87.5 kva rating 
and a range of +17.5%. 








A B 

a x ( x Lied 30 
36 4 wire 
4wire C N output 
input : | ( é c 


PHASE UNBALANCE REQUIREMENTS are 
not involved in this example so a 
three-phase regulator will be sufficient. 


The Inductrol regulator has no 
sliding contacts to wear, is of rugged 
construction, and will perform its in- 
tended function with the greatest de- 
gree of reliability. Its associated con- 
trols are drift-free, and are tempera- 
ture and frequency compensated. They 
require no attention after the original 
setting has been made. : 


The regulator selected for this ex- 
ample is a dry-type suitable only for 
indoor service. Liquid immersed units 
are available for outdoor service. 


OTHER INDUCTROL REGULATOR USES: 
power supply voltage control, control 
of filament power supplies, focus coil 
control, and grid voltage control in 
radar systems; variable speed antenna 
drives, computers, and many other 
electronic equipments. 


For more information write to Sec- 
tion 425-21, General Electric Company, 
Schenectady 5, New York. 


*Registered Trademark of General Electric Co. for Induction Voltage Regulators. 


Progress /s Our Most Important Prodvet 
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STurTEvanT 


TORQUE TESTING 
FIXTURE 


FOR TESTING Screws, thread-cuttin 
and thread-forming screws— all types o 
threaded fasteners; threaded parts and 
threaded connections. 


FOR MANUFACTURERS 





DESIGNERS 

INSPECTORS 

TOOL ENGINEERS 
Capac. | LABORATORIES and for 
ities: ..| PRODUCT CONTROL 
Ibe Yor | in assembly. 
Ibs.) 


Write for Bulletin TTF 
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The Automatic Factory 


by June, et al... a fresh viewpoint 
on what “manless factories" can be 

. « free from the generalities, and 
misconceptions so prevalent on this 
subject. Cloth, 88 pages, 1955. $1.50 


Nuclear Reactors for 

Industry and Universities 
Edited by Ernest H. Wakefield. 
Covers types, availability, operation, 
protection, control, experiments, legal 


aspects, and detailed cost study. 
1954. cloth, 92 pages. $2.00 


Heat Inertia Problems of 
Automatic Control of 
Temperature 
by Victor Broida, based on the con- 
cept of "fictitious mass" of heating 
process unit under automatic con- 
trol. 1950. paper, 51/4," x 8/4", 61 
pages. $1.00 


The Electronic Control 
Handbook 
by R. R. Batcher and William Moulic. 
Presents electrical and electronic 
principles applicable to measurement 


and automatic control. 1946. paper, 
244 pages. $2.00 


INSTRUMENTS PUBLISHING CO. 
845 RIDGE AVE., PGH. 12, PA. 














PULSE GENERATOR 


High-speed double-pulse gener- 
ator producing two identical pulse 
trains with repetition rates from 1 
cycle to 10 mc in seven ranges, has 


ZA 
Ox: 







provision for individual delay of both 
pulses. Output pulses are also ad- 
justable in width from 20 millisec- 
onds to 12.5 usec with rise and fall 
times of less than 8 milli-usec. Bro- 
chure on request.—Rutherford Elec- 
tronics Co., Culver City, Calif. 
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RANDOM ACCESS CORE 
MEMORY 


Model TGM all-transistor, coinci- 
dent current, ferrite core random ac- 
cess magnetic core memory with 8 
usec cycle time, is designed for use 


with 3C T-PAC systems or any other 
digital system requiring high-speed 
random access. Word capacities up 
to 4096 and word lengths to 40 bits 
are readily assembled due to modular 
construction.—Computer Control Co., 
92 Broad St., Wellesley, Mass. 
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BUFFER STORAGES 


New sequential-to-sequential Buffer 
Storages, based on coincident-current 
magnetic elements, implement digital 
data transfer between systems that 
are asynchronous or have different 
data ranges. Operates at any load- 
ing and unloading rates from 0 to 
200,000 characters/sec, loaded serial- 


ly, in parallel, or in any serial-paral- 
lel combination. Capacity up to 4032 
characters in standard units, with 4 
to 12 bits per character.—DI/AN 
Controls, Inc., 40 Leon St., Boston 15, 
Mass. 
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IN-LINE DISPLAY 


New In-Line Display features num- 
bers of uniform size and intensity, 
and excellent readability. All wiring 





is at the rear of the unit for ease in 
installation. Voltage is 6 to 7.5 vac. 
Single units are available which can 
be assembled in groups of 2, 3, 4, etc., 
as required. The viewing screen ex- 
tends the full width of the unit, so 
that the final assembly of a group 
presents a continuous surface.—In- 
dustrial Electronic Engineers, Inc., 
3973 Lankershim Blvd., North Holly- 
wood, Calif. 
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INTERNAL PINION COUNTER 


New Model 10322 counter designed 
for digital display on airborne fuel 
flow indicators, navigational and dead 





reckoning equipment is available in 
3- or 4-digit styles. Designed for con- 
tinuous operation at 300 rpm.—Bow- 
mar Instrument Corp., 8000 Bluffton 
Rd., Fort Wayne, Ind. 
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LIMIT DETECTOR 


Model 1470 Systron Digital De- 
tector provides “Low-Go-High” indi- 
cations to any exact number of counts 
by two banks of presettable switches. 





For use with any Systron counter to 
provide Alarm, Digital Control, or 
measurement classification, from 1 
to 10 digit limits—Systron Corp., 
950 Galindo St., Concord, Calif. 


For more information circle 148 on inquiry card. 











Spring Driven Displacemen; 
Gyro 

Many missiles, including torpedoes, TEuIFE accy, 
rate, simple and reliable inertial guidance element: 
The maintainability and reliability of such clemen 
are considerably complicated for a gyroscope by the 
provisions needed to bring the gyro rotor up to jy 
operating speed. One solution is the spring-wou 
Gyro, Type G-180, developed by the Whittaker Grro 
Division of Telecomputing Corp., of Van Nuys, Calif 

The Type G-180 Gyroscope (See Figure) is a simple 
yet reliable instrument which can be placed in oper. 
tion in a very short time. It can accelerate to its top 
speed of 10,000 rpm and become operable in less tha 
0.1 second to provide accurate gyroscopic performang 
for periods of over one minute. Useful life with som 
degradation of performance can be obtained for longer 
periods of time inasmuch as the coast time of the roto; 
exceeds 10 minutes. 











dee | 


SHORT-TIME INERTIAL Guidance 
Gyro is spring-wound, can be stored 
for long periods, is operable in 0.1 
second. 





The new gyroscope is a conventional free gyro inso 
far as the gimbal system and the signal generator are 
concerned, but departs from conventional designs i 
its motive power. A novel springmotor, which previ 
ously has been hand-wound, is used to accelerate the 
rotor to operating speed whereupon it disengages it 
self from the rotor, allowing the spinning wheel t 
coast during the useful life of the instrument. 

The rotor utilizes inner rotation, angular-contad 
ball bearings and an extension of the shaft serves the 
dual purpose of coupling to the spring-accelerating 
motor and also of caging the instrument. The spring 
housing is located external to the gimbal system, lt 
ing mounted on the same frame. 

Caging is performed manually; the gimbal bei 
rotated by hand until the shaft rotor is aligned wil 
coupling, whereupon the mechanism is engag' 
the winding tool inserted. The hand-held winding tool 
engages holes in a ratchet device and energy is store! 
in the spring by rotating the tool. The winding ope 












} urther 





















































jon con 
from re 
orque ¢ 


Josed t 









nisms No 
, mecha! 
Two r 





lare avail 
" odels, 





eases a 

er blo 
ound s 
oupling 





When th 
automati 
gimbals. 
formanc: 


The ot 
tentiome 
tentiome 
to satisf 






Or 
Te 


A new 
& Whitl 
indexing 
of an ou 
ment an 
safety at 














Upon 
comman 
quent fi 
ing, rece 
to make 
provide 
dition o! 
conditio: 

In adc 
facilitate 
and ine 
4,” x 
type 11. 
Beckmar 
leading | 














MILITARY SYSTEMS DESIGN 
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‘on continues as the ratchet holds the mechanism 
om releasing. When approximately 40 in-lbs of 
orque are applied, an armed indication switch is 
losed to indicate that the spring is fully wound. 
Further application of torque will rotate the mecha- 


nt 








nents Mims no more than one ratchet notch where it meets 
mens #. mechanical stop which prevents spring overwinding. 
the Two methods for unlatching the spring mechanism 
{0 i fare available. Either burning a fuse wire, or on other 
ound Models, the energizing of an electrical soleniod, re- 


Gyro eases a spring-loaded plunger which delivers a ham- 
lif, mer blow to the ratchet pawl. The energy of the 
imple Mound spring is thereupon transferred through the 














pert: coupling to the rotor which is accelerated rapidly. 
ts to) [when the top speed has been reached, the coupling is 
s than HP utomatically disengaged and retracted from the 


nant Micimbals. Full gimbal freedom and gyroscopic per- 
formance is then realized. 

The outer gimbal can be equipped with either a po- 
tentiometer or a commutator. Electrical connector, po- 
tentiometer values and gyro mounting can be supplied 
to satisfy customer requirements. 


For more information circle 149 on inquiry card. 


Ordnance Arming Device 


Telemeters its Condition 


A new Explosive Initiator, designated the Beckman 
& Whitley Model 2152A, based on the action of an 
indexing rotary solenoid which controls the position 
of an out-of-line disk rotor between the initiating ele- 
ment and the final igniting charge, meets military type 
safety and arming device requirements. 








Upon reception of a remotely originated “arm” 
command, the rotor is positioned to permit a subse- 
quent firing command signal. At any time before fir- 
ing, reception of a “safe” command turns the rotor 
to make initiation impossible. Switching and circuitry 
provide for telemetering the “safe” and “armed” con- 
dition of the initiator. Also, a visual indication of this 
condition is displayed on the body of the unit. 

In addition to missile and drone applications, it also 
facilitates the remote control of land-based military 
and industrial explosives. The Model 2152A is 
4%" x 134” dia, weighs 1 Ib, and utilizes a bayonet- 
lype 11-pin electrical connector. It is a product of 
Beckman & Whitley, Inc., San Carlos, Calif., also a 
leading producer of explosive-operated devices. 


For more information circle 150 on inquiry card, 
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BALANCING POTENTIOMETER 


New Autopot Series EMP-NS2 is 
a self-balancing potentiometer for ac- 
cepting outputs from thermocouples 
or other transducers in flight test- 


ing. Available in 25 pyrometer and 14 
millivoltmeter standard ranges with 
automatic ambient temperature com- 
pensation. Minimum readable input 
is 30 uwv.—Daystrom Pacific, 9320 
Lincoln Blvd., Los Angeles 45, Calif. 


For more information circle 151 on inquiry card. 


SILICON SOLAR MODULES 


High-efficiency silicon solar bat- 
tery modules capable of direct re- 
placement for dry cell and mercury 
cell applications are now available. 
Each SM5-1020B module (see illus- 
tration) may be used for each 1.5 
volt dry-cell battery, and using as 
many parallel strings as required to 
supply the necessary load current. 





Each module will supply a load cur- 
rent of approximately 35 ma in di- 
rect sunlight. Silicon-solar batteries 
may be teamed with sealed nickel 
cadmium storage units to provide 
continuous day-and-night power.— 
International Rectifier Corp., 1521 
E. Grand Ave., El Segundo, Calif. 
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COAXIAL SILICON DIODES 


1IN78B and reversed polarity 
1N78BR coaxial microwave silicon 
mixer diodes replace 1N78A and 


* 





1N78AR diodes, providing improved 
noise figure for receivers in 12.4-18.0 
kme range.—Microwave Associates, 
Inc., Burlington, Mass. 


For more information circle 153 on inquiry card. 
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control and computing systems. Smooth, reliable 
operation for precise speed control and accurate 
integration of variables such as flow, strain or 
position. Low-cost, compact, flexible design 
element. No lubrication required. 














L“ DISC 


and reproducibility for automatic 


qr 


MODEL 219 with 
standard control rod 








TYPIC 


SPECIFICATIO 
Accuracy: 
Reproducibility: 
Output Torque: 
Input Torque: 
Control Rod: 


ie 
: 
- 


Control Rod Force: 
Backlash: 


input Speed: 
Output Speed: 


Additional mechanical specifications and applications data available on request. 





NAVIGATION SYSTEMS * FLOW TOTALIZERS * PRECISION 
SPEED CONTROL + PLANIMETERS + TACHOMETERS «+ 
CONTINUOUS WEIGHING DEVICES + STRAIN ANALYSIS « 
INFRA-RED SPECTROPHOTOMETERS ¢ PROCESS CONTROLS 









AL APPLICATIONS 


NS: 

+0.1% 

+0.01% 

3 oz.-in. (higher outputs at reduced accuracy) 
2 0z.-in. (no output load) 


Vernier, rack, screw, or plain 
Special rods designed to specification 


3 oz. static 1 0z. dynamic 


8 minutes at 2 0z.-in. and 4% Inch 
control rod displacement 


0-750 rpm 
Reversible up to more than twice the input 
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cereal 


THE REFLECTONE CORP. e STAMFORD, CONNECTICUT 
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Engineers, DUD 


Translate 
Non-Classical 
Techniques 


Into Advanced 
Underseas 


Warfare Systems 


SAMPLE PROBLEM: How do you 
achieve maximum information 
transfer in an undersea commu- 
nications system capers of 
being used by two submerged 
missile-firing submarines —with- 
out a third submarine stationed 
in between being able to detect 
their presence? 


Secure Undersea Communications — 
One of the Many Aspects of 
ASW Presenting Technical Problems 
of Major Dimensions 





With anti-submarine warfare en- 
tering a critical new era, projects 
now in progress at the Heavy 
Military Electronics Department 
offer a broadening dealien e to 
men who can conceive and ap- 
ply original technology for: 


% Long-Range 
Search Sonar Systems 
% Mine Warfare Sonar Systems 
% Doppler Sonar Systems 
% Diverse Undersea 
Communications Systems 


If you are interested in the grow- 
ing complexity of sonar and ASW 
technology, you are invited to 
look into the many opportunities 
for advanced engineering in this 
field with HMED. 


Positions at Several Levels 


Write to: Mr. George B. 
Callender, Div. 45-BME 


Heavy Military Electronics Dept. 


GENERAL @® ELECTRIC 
Court Street, Syracuse, New York 








MIXER-PREAMP UNIT 


New LEL Model MMX Mixer-Pre- 
amplifier integrates the microwave 





MMX unit is tested at X band for 
gain and selectivity and adjusted for 
minimum noise figure. Standard out- 
put frequencies are 30 and 60 me. 
Other assemblies for C, S, KA and 
KU bands with pre-selector and local 
ose available if desired —LEL, Inc., 
280 Oak St., Copiague, N. Y. 
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WAVEGUIDE TERMINATION 


Small in size, but with 200 watt 
capacity and using no fins or forced- 
air cooling, this 7-10 kmc waveguide 





termination employs RADAMIC, a 
plastic absorbing material dimension- 
ally stable to 2000°F. Maximum 
VSWR is 1: 11.—Radar Design 
Corp., Pickard Drive, Syracuse 11, 
N.Y. 


For more information circle 155 on inquiry card. 


GLASS-CERAMIC RADOMES 


Pyroceram radomes, formed from 
molten glass then heat-treated to con- 
vert to a high-strength, high tempera- 
ture glass-ceramic material are here 





shown under production for Navy’s 
Tartar Missile. Information on Pyro- 
ceram characteristics is available on 
request.—Corning Glass Works, Corn- 
ing, N. Y. . 


For more information circle 156 on inquiry card. 


MICROWAVE SIGNAL 
GENERATOR 


Model KSS uses four plug-in micro- 
wave tuning units to cover 1,050 to 
11,000 mec range. Supplies 80 to 400 
milliwatts output in lower frequency 
range to 14-40 milliwatts in highest 


sepranee 





range for all microwave systems 
testing. Generates square-wave sig- 
nals 10 to 10,000 pps, and ew signals 
internally, or may be externally modu- 
lated with minimum pulse rise and 
decay times of 0.15 usec.—Polarad 
Electronics Corp., 43-20 34th St., 
Long Island City 1, N. Y. 
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RF LOAD WATTMETERS 


New Series 67 Termaline Load 
Wattmeters measure RF power up to 
2500 watts, connecting directly to 50- 
ohm coaxial line as accurate termi- 
nation in the 30 to 500 mc range. 





Each unit consists of load resistor- 
voltmeter unit and indicating meter 
calibrated in watts. No external pow- 
er needed.—Bird Electronic Corp., 
1800 East 38th St., Cleveland 14, 
Ohio. 
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DRY-AIR SYSTEMS 


Dry-air pressurization systems for 
instrument-air, transmission line 
purging, and control-air applications 





in military applications feature the 
Heat-Less Dryer, permitting dew- 
points as low as —180°F, complete 
oil rejection, and entirely unattended 
operation.—Trinity Equipment Corp., 
Cortland, N. Y. 
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New Miniaturization 
Techniques for Inertial 
Elements 





Demands for a short-time inertial gyro for use jy 
the Army’s Sergeant Missile and other application 
resulted in the development by the Aeronautical Djy 
of the Minneapolis-Honeywell Co., of the miniaty, 
integrating gyro or MIG design (Fig. 1) from th 
famous hermetic integrating gyro (HIG) based on th 
work of Dr. C. S. Draper of the Massachusetts [ng 
tue of Technology. 


FIG. 1. MINIATURE INTEGRATING GYRO (MiG) 
cutaway shows combination signal and torque generat: 
ing sicrosyns termed the Dualsyn by Honeywell, one 
of several new design features of MIG. 


The 30-ft Sergeant is a surface-to-surface missile ca 
pable of carrying an atomic warhead, and destined to 
replace the Corporal missile in the Army’s tactical 
support arsenal. The Sergeant’s guidance system, by 
utilizing the accuracy of the MIG gyros, will enabk 
the warhead to be delivered on a target far beyond 
enemy lines without any danger of interception ot 
jamming by any known means of enemy countermeas 
ures. The Sergeant is also noted for its high mobility. 
It can be transported by air and launched under al 
weather conditions by a small crew. 

In the interest of increasing accuracy while gaining 
the advantages of miniaturization, minimization 0 
drift rate became a matter of major concern. While 
the most obvious method of cutting drift rate is to in 
crease the angular momentum of the gyro whet, 
Honeywell’s Aeronautical Division engineers # 
Minneapolis, Minn. decided to attack the problem by 
decreasing gyro “uncertainties”. Some of these majot 
uncertainties are dimensional stability under temper 
ture variation and shock; lower power consumpti 
to reduce unwanted heating, electromagnetic no? 
linearities and asymmetries, and vibration torques dit 
to anisoelastic design. The engineers drew on sev 
years of experience in design and production of floatel 
gyro experience to effect the improvements which I 


sulted in the MIG. 








MILITARY SYSTEMS DESIGN 
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The most obvious of these improvements are the 
combining of the signal and torque generators into a 
single dual-microsyn, designated the Dualsyn, and the 
natural consequence of placing the gimbal in one end 
of the case and Dualsyn in the other. Two ac windings 
for the signal generator and two dc windings for the 
torquer make up the four windings of the Dualsyn. 





” . 

in Other design changes include (1) reduction of the 
‘ ‘mbal suspension pivot to 0.016”, (2) a new method 

“= of fluid fill that virtually eliminates balance-shifting 


air bubbles, (3) an isoelastic spinmotor and mounting 
structure to improve performance under vibration, 


FIG. 2. MINIATURE PENDULOUS ACCELEROM- 
ETER (MPA) has many parts interchangeable with 
MiG\fig MIG. Rates of acceleration detected by MPA are fed 
rerat- ME back to null-seeking MPA in closed-loop system. 

. one 





(4) an improved end bellows allowing flotation fluid 

lea Changes over a wide range of internal temperature 
ed tof Changes, and (5) flex leads to supply current to the 
tical 8YF0 rotor which have an elastic restraint of only 0.04 
kh dyne-cm per milliradian. 
o shh Characteristics of the MIG include drift of less than 
| 0.5°/hr., which includes maximum drifts due to 
anisoelasticity in gimbal and motor structures of 
mS 0.02°/hr/G*. Gimbal travel is held to +3° of null, 
més @ and operating temperature is approximately 180°F 
its with the spinning motor consuming 2.5 watts maxi- 
et al um. 


>yond 


ining 

m of Miniature Pendulous Accelerometer 

While A companion element to the new MIG gyro is the 
to 1 Minneapolis-Honeywell new miniature pendulous ac- 
vheel H@ celerometer (MPA) developed for use in a central air 
rs di data platform for a new manned interceptor. The 
m by MPA measures only 1.75” by 1.75” dia and weighs 
najorf™ only 0.4 Ib (Fig. 2). 

pert The floated gimbal of the MPA contains the ac- 
tion Celerometer’s pendulous mass with a pendulosity of 
nor fm 1,000 dyne-cm. Rates of acceleration detected by the 
s dum MPA are passed through signal generator and plat- 
seve ( (Orm electronics and returned through a closed loop 
oatel A SYStem to the null-seeking MPA through its torque 
he fe Senerator. Threshold sensitivity is 10—14G. 


For more information on MIG circle 160 on inquiry card. 
For more information on MPA circle 161 on inquiry card. 
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TRIGGER TUBE 


Type WC-18 cold-cathode trigger . 


tube controls up to 1000 amperes 
peak current with input signal of a 





bs Z Pe es ‘ i 
few microamperes, with anode delay 
of a few usec and at altitudes to 
65,000 ft.—Wiltec Electronics, Inc., 
53 Water St., So. Norwalk, Conn. 
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MILLIMICROAMMETER 


Model MA-259 millimicroammeter 
(shown on right) now extends range 
of Diode Tester Model DT-257 from 
50ua down to 0.0luha to measure low 
reverse current characteristics of sili- 






con diodes. New meter is self-con- 
tained and battery powered.—Tele- 
tronics Laboratory, Inc., 54 Kinkel 
St., Westbury, N. Y. 
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PRECISION RESISTANCE SET 


Model BMR-105 ultra-stable ultra- 
precise resistance set for use in digi- 
tal-to-analog conversion is accurate 


to within 15 parts per million, in- 
cludes oil bath to limit transient 
thermal effects to max 0.0005% of 
full scale-—Julie Research Labs., Inc., 
556 West 168th St., New York 82, 
N.Y. 
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SILICON RECTIFIERS 


Diffused-junction silicon rectifiers 
in standard Top Hat and Stud 
Mounted welded packages feature 
very low back currents at high tem- 
peratures, high surge current ca- 
pacity and excellent stability. Meet 
or exceed environment MIL-T-19500A 
specs.—Semiconductor Products Div., 
Motorola, Inc., 5005 E. McDowell Rd., 
Phoenix, Ariz. 

For more information circle 165 on inquiry card. 
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SMALL SIZE — This compact, 
transistorized, servo-driven in- 
strument measures only 3 x § 
x 53,”. 





ALL INCLUSIVE —With Zener 
reference, power supply, am- 
plifier, servo motor, 144” tape- 
slidewire. 


foooooooo00oo00oooooooooooo 
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TAPE-SLIDEWIRE — Mounted 
on side-by-side spools, slide- 
wire is embedded in edge of 
tape, punched for sprocket 
drive. 
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PRINTED READOUT—Colibra- 
tion printed on tape available 
fo measure steady-state condi- 
tions or where input deviates 
more than 13%. 


* TRADE MARK 








4 
@ 
«¢ 





The NEW Series BH100 



















ACCURACY 
0.1% 


THE INSTRUMENT 


TAPE-SLIDEWIRE 


Highly accurate digital display of 


VOLTAGE - CURRENT 


FREQUENCY - POWER 
RESISTANCE - R. P. M. 


Every discrete scale unit is a calibrated 


point. 


100 calibrated points per foot of 
slidewire length. 


Slidewire up to 12 feet long. 


LINEAR, PARABOLIC, LOGARITHMIC 
FUNCTIONS DISPLAYED IN DIRECT DIG- 
ITAL RELATION...COMPOUND RANGES, 
PLUS & MINUS SCALES FROM ZERO, 


SUPPRESSED RANGES 


Full information is available for the asking: 


Be H INSTRUMENT 


Co., INC. 


3479 West Vickery Blvd. * Fort Worth 7, Texas 


Sales-Engineering Offices: COMPTON, CAL., VALLEY STREAM, L. |., N. Y. DAYTON, OHIO, 
TORONTO, ONT. (George Kelk Ltd.), MITCHAM, SURREY, ENGLAND (Bryans Aeroquipment Ltd.) 
For more information circle 56 on inquiry card. 
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Diamond's 
new 
catalog 


aa 
ROTARY 
JOINTS! 






Diamond can offer the solution to your rotary 
waveguide or coaxial .. . 
Me ol colele|ololil> man 
~ whatever they may be. 


joint problems 


high power... inline .. multi- 


channel 
Send for your free copy of Diamond's 
new Rotary Joint Catalog — R-959. 


DIAMOND 


ANTENNA & MICROWAVE 
ae 2. oe a ee ee Se 
7 North Avenue «+ Wakefield, Mass. 


For more information circle 57 on inquiry card, 








Harvey-Wells presents 


SPEED 
ACCURACY 
RELIABILITY 


5S mc Data Bloc « Data-Pac 


. . . Data Bloc units are basic building blocks which 
can be reused any number of times . . . compact de- 
sign permits rapid assembly of shift registers, coun- 
ters, pulse generators for digital logic and data 
handling systems .. . later production runs made 
easy by compatible Data-Pac units .. . 


NMR _ instrumentation, electromagnets 
and power supplies, error signal com- 
parator . . . digital components. 


HARVEY-WELLS ELECTRONICS, INC. 
Research and Development Division 
5168 WASHINGTON ST., W. ROXBURY 32, MASS. 
For more information circle 58 on inquiry card. 
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DIODE PULSE TESTER 


New Model ND-1 (JAN-265) 
Standard Diode Pulse Recovery Test 
Set, for use with suitable square-wave 
generator and oscilloscope, operates 


| over ranges of: Forward bias cur- 


VOLS 
be 








rent, 2 to 40 ma; inverse voltage 5 
to 50v; load resistance, 500 to 3000 
ohms; measurement time interval 0.1 
to 10 ywsec.—The Indikon Company, 
Inc., 76 Coolidge Hill Rd., Watertown 
72, Mass. 
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TANTALUM CAPACITORS 


Improved cup style Tantalex ca- 
pacitors, not subject to fluctuation 
in capacity or early failure due to 





short circuit, also have non-tarnish- 
ing external finish. New character- 
istics bulletin 3710A on request.— 
Sprague Electric Co., 43 Marshall St., 
North Adams, Mass. 
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MINIATURE CAPACITORS 


New 50-volt hermetically sealed 
Type AQF subminiature capacitor 
made to MIL-C-25A operates over 


RA FRE 








—65° to 125°C range with less than 
+ 8% variation. Ratings from 0.027 
mfd to 2.0 mfd.—Astron Corp., 255 
Grand Ave., East Newark, N. J. 
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HIGH-POWER RF CABLE 


Type RG-11U cable insulated with 
extruded Teflon and external wrap- 
ping of Teflon-insulated tape and 





fiberglas is designed for high-power, 
high-temperature RF applications. 
Technical data on request.—Times 
Wire and Cable Co., Inc., Walling- 
ford, Coni. 
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TRANSISTOR TRANSFORMER 


New Veri-Miniature Transistor 
Transformers, with impedance ranges 





to match new transistors, are avail- 
able in molded open frame or plug- 
in tab mounted construction. 24-page 
catalog on request.—Microtran Co., 
Inc., 145 E. Mineola Ave., Valley 
Stream, N. Y. 
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SEMICONDUCTORIZED POWER 


New power supply uses unique 
semiconductor properties in new cir- 
cuit concepts to: (1) cut off load 
power and reduce input within 30 
usec upon external short circuit; (2) 
transfer excess heat dissipation from 
power transistors to external convec- 
tors; and (3) protect regulator sys- 
tem against excess input voltage 








transients. Model 105TA provides 
from 1 to 100 v de continuously vari- 
able at 0 to 0.5 ampere, Model 1010T 
provides same output voltage at twice 
the current capacity. Both models 
accept input voltage from 105-125 v, 
55-440 cps, provide regulation to 15 
millivolts or 0.05% (whichever is 
greater), with less than 1 mv ripple. 
—Power Designs, Inc., 89-25 130th 
St., Richmond Hill 18, N. Y. 


For more information circle 171 on inquiry card. 


MINIATURE FEED-THRU 


New feed-thru insulator, No. CF- 
408-X87, uses Teflon body which 
compresses for press-fit mounting. 





Hole lengthwise in terminal allows 
rapid soldering. Withstands high-volt- 
age, high frequency and high tem- 
perature—Fluorocarbon Products 
Inc., Div. of U. S. Gasket Co., Cam- 
den 1, N. J. 
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SQUARE WAVE POWER 


Model 591AC transistorized Dower 
supply delivers 50 VA output Dower 
at 115 v 400 cps, square-wave, from 








a 28 v de line. Other outputs from ¢ 
to 1200 vrms and frequencies from 4) 
to 2000 cps are available on reques, 
Meets MIL-E-5272B.—Arnold May. 
netics Corp., 4613 W. Jefferson Blvd. 
Los Angeles 16, Calif. ) 


For more information circle 173 on inquiry carg 


2000 CPS POWER SUPPLY 


New Sineverter Model SV2C12 
supplies 50 watts clean sinewave 115 
v 2000 cps power from 22-29 vy & 
with transients per MIL-E-58944, 





Meets rigid military environmental 
specs for missile use, cannot be dam- 
aged by overload, shorts, or open cit- 
cuit operation.—Power Sources, In. 
Burlington, Mass. 

For more information circle 174 on inquiry card. 


GAGE SAVER 


New Series FLP valve, designed 
for protection of ultra-sensitive low 
pressure wind tunnel and envirot- 
mental chamber instrumentation, uses 






reference pressure port for protectio 
down to —10 psig. Available from 
stock in 11 combinations of pressur 
connections.—Fisher Controls In, 
1928 Lincoln Blvd., Santa Monit, 
Calif. 


For more information circle 175 on inquiry ce 
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Nomograph for 
Torque Motor Applications 


The nomograph shown below is designed to allow 
a design engineer to compute the current required for 
a given torque motor application, or conversely to de- 
termine the coil resistance needed for maximum force 


from any given model torque motor if the current 
is known. 

The resistance lines on the nomograph are lines of 
constant power (the power required for maximum 
force from the torque motor is constant, independent 
of the current required), for each model of torque 


motor. 


NOMOGRAPH 
ALL 
TORQUE MOTORS 

+ 


+ 


= 


AWG Wire size 





To find the current required to drive a Model 24 

orque Motor with 500 ohm coils, follow the vertical 
scale labeled “Resistance, Ohms/coil” to 500 ohms. 

ollow the 500 ohm line left to its intersection with 
the Model 24, resistance line. The wire size indicated at 

is junction is #38AWG. Follow down the vertical 
#38 line to its intersection with the “Current” line. 

ollow the horizontal line at this intersection right to 

he current scale to determine the current for maxi- 

mum force; in this case, 0.08 ampere or 80 ma. 

By reversing the procedure, the nomograph may be 
used in determining the coil resistance for any given 
model torque motor. (Nomograph from 6-page Torque 

otors brochure, Raymond Atchley, Inc., 2340 

awtelle Blud., Los Angeles 64, Calif.) 
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ROTARY ACCELERATOR 


Model T-16-A test accelerator for 
pit installation has acceleration range 
to 100 G. Limiting size is an object 
60” cube, and weights up to 500 lbs 


at each end of rotating arm can be 
tested at 100 G. 50 slip rings provide 
electrical connections to rotating 
transducers and stationary instru- 
ments. 30 hp de drive motor and as- 
sociated motor-generator provide pow- 
er from 220 to 440v, 60 cps source.— 
Schaevitz Machine Works, Penn- 
sauken, N. J. 


For more information circle 177 on inquiry card. 


ALTITUDE/VIBRATOR 
CHAMBER 


New Chemosphere test chamber for 
altitude testing in the 100,000 to 260,- 


000 ft range, temperature testing in 
the —100° to 300°F range, with vi- 
bration table inside the chamber to 
eliminate push rods and linkages.— 
Conrad, Inc., Conrad Square, Holland, 
Mich. 
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HYDRAULIC COMPONENTS TEST 


Test Console, Model 9500, for static 
and dynamic testing of hydraulic mis- 
sile components provides up to 20 gpm 





at 3000 psi or 9.7 gpm at 5000 psi, 
and from ambient to 350°F, + 2°F. 
Test fluid is filtered down to 2-5 
microns. 20,000 psi is available for 
static testing—Geo. L. Nankervis 
Co., 15400 Fullerton, Detroit 27, Mich. 
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engineering 








ANOTHER “CRITICAL” CONTROL SWITCH FROM CP! RESEARCH 


If you are concerned with measurement of surface temperatures in aircraft 

_- and airborne electronic equipment in confined spaces,. this may be a 
thermal switch you could use. We designed and manufactured it to meet 

exacting specifications of a prominent aircraft manufacturer. 


Chances are your needs may require modifications or even a completely new 
switch. We have always realized that there are few “critical” control 

switches that can be all things to all people. That's why we have the 

research and development engineers who can and do tackle specific problems 


This new hermetically sealed, 
bi-metal, single or 2-wire 


switch has calibration ranges 


of -20F to 600F; safe 


momentary overshoot to 800F; 


available with various type 
mountings. When inquiring, 
mention “button” switch. 







of thermal control. Can we help you solve yours? 








CONTROL PROD 


311 Sussex Street, Harrison, N. J. 
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TUBING MARKING MACHINE Flight Control System — Fito: 
PVC and other types of spaghetti Flies Immelmann System a! 


tubing are economically marked in klideslip | 
small quantities on Model 1002 ma- automatic 
chine. Imprints up to 22 characters The famous Immelmann maneuver, first used jy inde pit 


World War I by the German Ace Max Immelmann oh C01 
elude his pursuers and later adapted to toss bombing Th e Ft 
tactics has now been performed under automatic cop. i nited t 
trol by a Republic Aviation’s F-105 using an FG 4 wry 
Flight Control System manufactured by the Armamey oA para 


NOW! COMPACT RACK & PANEL MOUNTINGS wr a 


tronic tu 


INANY SHAPE OR FORM YOU NEED! = oe a:.: 


comp 


Procision TO eallaltchatias. 


Waveforms Portable 
520A Voltmeter 
510B Oscillator 


Waveforms precision volt- 
meters and oscillators 
give you top performance 
and uniform quality. Save 
space, too. So compact 
they mount on a 5" x 7" 
panel, these instruments 
are now available in any 
shape, form or mounting 
—rack or panel—you re- (Silicon 
quire. Waveforms inte- 


rated operation permits PLUG-IN CIRCUIT UNIT . new appl 
ast deliveries and low joy 

cost, even on custom spec- Blank printed circuit cards for thyratror 
laboratory and developmental use in and pow 


ifications. M oducti 
fochalaues spoiied to Se Send today for complete technical information. , use | 
assembling neat transistorized circuits jifferent 
0 the C- 


wide are quickly changed by rotating 
type wheel. Heated type and ink make 7 
permanent imprints—Markem Ma- Usine 
chine Co., Keene 75, N. H. ‘ 
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cial order work. 


“Precision in miniature’ ELECTRONIC INSTRUMENTS 
343 Sixth Avenue, New York 14, N. Y. @ WAtkins 9-2795 
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GROUNDED SOLDER IRON PRECISION RESISTORS 


Pencil soldering irons with 2-wire Pyro-Seal MIL Series resistors 
grounded connections now available withstand shock to 500 G, tempera- 
for safety to operator and transistor Ee eo 





are used with blank tube plug-ins, 
rack mounting trays, power supplies, 
etc., to provide complete systems.— 
Plug-in Instruments, Inc., 1416 Leban- 
on Rd., Nashville, Tenn. 
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ture at 200°C, acceleration at 100G 
and vibration over 15 G, far in ex- 


SPRING ISOLATION MOUNT 


anol 


cess of military specifications. Rated 
at %, % and % watt.—Pyrofilm Re- 
sistor Co., Inc., U. S. Highway 46, 
Parsippany, N. J. 


New Type LR spring isolation 
mounting designed to reduce vibra- 
tion and noise transmission combines 
steel springs for strength with noise- 


Surge 
ig. 1 ¢ 
sistor an 


ul line 


. For more information circle 182 on inquiry card. ssn : ’ determin 
circuits, in sizes from 12 to 60 watts. - 


—Hexacon Electric Co., 295 West ie cae ough 
Clay Ave., Roselle Park, N. J. VERY LOW-G SWITCH | mpedan 


For more information circle 180 on inquiry card. Model 60U-01 unidirectional Inertia should b 
Switch for missile and airborne appli- and Control Section, Light Military Electronics Dept.RSCR sy; 
cations closes normally-open contacts General Electric Co., at Johnson City, N. Y. Whetliyhich s 
nn executing this maneuver the aircraft completes thManche , 
first half of a loop then rolls over to an upright pos-Buntil the 
tion, thus changing direction by 180° with a simul voltag 
taneous gain in altitude (Fig. 1). overshoc 
The FC5 Flight Control System employs one pulfMuction 
up rate gyro and a roll-out rate gyro, each with fapacito 
degree of freedom, and one vertical rate gyro willibourse ; 
two degrees of freedom. The vertical gyro tells theMhalf cyc 
system when to start and stop a maneuver; for lation o 
ample, it tells the system when the aircraft is on ibfbonduct, 
back during the looping stage. This ability of theficuse, 1. 
vertical gyro to retain control in both pitch and rol 


ISOLATED POWER SUPPLY 


New power supply for resistance 
type transducers uses unique feed- 
back system to provide isolation from 
line frequencies and noise previously 
obtained only from batteries. Fully 
transistorized unit 7” x 9” x 14” 
mounts three supplies per standard 
rack, provides 0-20 volts at 1 ampere 
with integral voltmeter and ammeter 
on each unit.—Moeller Instrument 
Co., 182nd St., & 89th Ave., Richmond 
Hill 18, New York City. 
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quenching rubber housing. Load ca- 
pacity 150 to 1400 lbs/isolator. Ef- 
fective in protecting instruments and 
precision equipment from vibration, 
noise and shock.—The Korfund Co. 
Inc., Long Island City, N. Y. 
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within 35 milliseconds when acceler- 
ated beyond factory preset (or user- 
adjustable) G values in the 0.05 to 1.0 
G range.—Inertia Switch, Fne., 311 
West 43rd St., New York 36, N. Y. 


For more information circle 183 on inquiry card. 
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without tumbling is the heart of the system. The Flight 
System also provides three-axis stability augmentation, 
jideslip control, pilot relief modes of operation, and 
wtomatic instrument landing. Pilot relief modes in- 

Jude pitch attitude, roll attitude, heading, altitude and 
Mach control. 

The FC5 System uses one high performance series, 
jimited travel, hydraulic actuator for control of each 
ircraft surface (three surfaces are controlled) plus 
yo parallel actuators for the automatic modes of op- 
ation. The system amplifier also uses magnetic 
wmplifiers, transistors, and rugged subminiature elec- 
tronic tubes to achieve the optimum combination of 
lightweight, flexibility and realibility, according to 

» company. 
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Using the Controlled Rectifier 


Behaving similar to a gas thyration, the C-35 SCR 


(Silicon Controlled Rectifier) is a starting point for . 


new applications besides the time-tested ones in which 
thyratrons, mercury-arc tubes, magnetic amplifiers, 
and power transistors are now being used. However, 
jifferent design considerations and limitations apply 
o the C-35, formerly designated the ZJ39A. 


LINE 
IMPEDANCE 


, 





ZENER DIODE 














FIG. 1. SURGE VOLTAGE Suppressor. 


Surge Voltage Suppression—The circuit shown in 
ig. 1 can be extremely useful in protecting tran- 


sistor and semiconductor rectifier circuits from harm- 


ul line surges. When the line voltage exceeds a pre- 
ietermined value, one of the SCR’s will fire, drawing 
mough line current to drop the voltage across line 
mpedance. For the G35, the value of resistor R-l 


should be selected to limit peak anode current during 


CR switching to 100 amperes. The voltage level at 
hich suppression starts is determined by the ava- 
anche voltage of the zener diode. The slight delay 
ntil the SCR switches into full conduction may allow 


R voltage surge with extremely fast rate-of-rise to 


overshoot the allowable voltage before current con- 


‘Fuction starts. This rate-of-rise may be reduced by a 


on its 


of the 
id roll 


SIGN 


apacitor connected across the line. The circuit will of 
ourse recover its blocking ability at the end of each 
talf cycle. (From new 76-page “Notes on the Appli- 
ation of the Silicon Unijunction Transistor,” Semi- 
onductor Products Dept., General Electric Co., Syra- 
use, V. Y.) 
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TRI-AXIAL CABLE CONNECTOR 


Miniature tri-axial connectors, said 
to be smallest, provide two concentric 
shields, accommodate cables up to 


: | cree gee 
j [oe . s a 
0.212” O.D. and have 500v rated ca- 
pacity in overall dimension of 1”x%” 
dia.—Dage Electric Co., Inc., 67 N. 
Second St., Beech Grove, Ind. 


For more information circle 189 on inquiry card. 


TAPER PIN CONNECTOR BLOCKS 


New miniature connector terminal 
blocks, meeting MIL-M-14E specs, 


4 


| 


are available in number of combina- 
tions. Details on request.—Excellex 
Electronics, Inc., 335 Van Siclen Ave., 
Brooklyn 7, N. Y. 
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RE-ENTRANCY CONNECTOR 


New REMI miniature connector 
contact employs metallic sleeves with 
long cantilever springs for easy in- 


i Ee Re one et 


sertion, withdrawal, and operational 
stability. Full specifications on re- 
quest.—U. S. Components, Inc., 454 
East 148th St., New York 55, N. Y. 
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TEFLON MACHINING 


TFE “Teflon” stock is machined to 
0.001” tolerance in double-cup shapes 
for Atlas ICBM connector on auto- 
matic screw equipment adapted to 


TFE characteristics by Tri-Point. In- 
formation on Teflon Machining is 
available on request.—Tri-Point Plas- 
tics, Inc., Albertson, N. Y. 
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PCR Rone gel, tie 


for precision control 


Model MCC 


DUPLEX MINIATURE ELECTRO-MAGNETIC CLUTCH 


DE-ENERGIZED — both flanges as well as the output shaft are 
free running. 





ENERGIZED — either coil engages its respective flange to the 
output shoft. 

The function of the shafts may be reversed so that a single 
input can be connected to either of two output shafts. 

The model MCC is available in four sizes and two standard 


shaft configurations, pilot diameters from .500” to 1.250”, 
torque from 4 oz. in. to 56 oz. in. 











Write for catalog 957 
for data on all Auto- 
tronics standard clutch 
and brake units. 

















INV - Box 812, Rt. 1, 


FLORISSANT, MISSOURI 








A LOW-PRICED 


| Introducing 


SCOPE DOLLY 


%* Sturdy steel, gray baked-enamel fine 
ish, meets military specifications 

%* 5” ball-bearing rubber tired casters 

% Rubber gasket protects scope 

* 3 power outlets; 1 input 

%* Storage area for pre-amplifiers 

%* Storage shelf for tools, cord, etc. 


Accommodates any standard scope by 
easy bracket relocations. From 6” to 
12%” wide; from 1644” to 2214” long. 


$59°5 


F.O.B., Phila. 


Shipped knocked down (45 lbs.), assembled 
in minutes. Special modifications to suit your 
requirements. Quantity prices on request. 





Choice territories available for sales 
representation. Write for information. 











ORDER FROM: 


P.B.R. manufacturing co. 


H & Luzerne Streets © Philadelphia 24, Pa. © GArfield 6-0932 
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Precision 





OUR 


Without 


mirrors and optical parts of 


B} assowute EXACTNESS 


DISTORTION 
DIFFRACTION 


All work to closest specification by the pioneers 
and leaders for a quarter of a century in de- 
positing metal films. Send for our free booklet. 
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instruments require 





first surface mirrors 
with half-wave protection 


semi-transparent mirrors 
metallic and non-metallic 


beam splitters 
optical filters 


Guaranteed to be 


DIFFUSION 


FILMS CORP. 
New York 
Dept. M 













































This Distance Detector 
is a precision electro 
mechanical transducer 
which generates a dc 
voltage as a function 
of distance. It is an 
all transistor design 
to provide reliability, 
long life, and low 
energy consumption. 


Particularly precise an 


distance from the face 


$6.00 each. 


SCIENTIFIC 
COMPANY 


DISTANCE DETECTOR 


A very high ye | 
distance measuring jobs. 
OPERATION: This device senses distance to a conductive surface 
because of the variation of coupling coefficient as a function of 


SENSITIVITY: 1000 volts per inch with H-I sensing head | 
volts per inch with H-2 sensing head 
200 volts per inch with H-3 sensing head 


RANGE: 10, 25 and 50 thousandths of an inch, with head types 
1, 2, and 3 respectively. 


RESPONSE: Flat from dc to a single lag at 50,000 cps. 

SUPPLY: 12 vdce at 2ma 

SIZE & MASS: |.2'' diameter x 2.5"' long, 80 grams 

COST: Model 15, $72.00 with H-2 head. Additional standard heads 
USES: Typical uses are control of location and indication and 


measurement of dimension, displacement, deflection, velocity, vibra- } 
tion, contour, creep, and counting. 








gradient and fast response make it a 
versatile unit for a vast variety of micro- 





of a special coil to the conductive surface. 


High speed proximity re- 
laying attachments also 
available. 

2811 Seventh Street 
Berkeley 10, California 
Phone: Thornwall 3-6306 
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SPRAY CLEANER 


High-velocity, spray cleaner directs 
atomized Cobehn solvent against all 
areas of parts mounted on rotary 
turntable to achieve chemical cleanli- 





ness without residue or film. Integral 
ventilation removes all vapors.— 
Cobehn, Inc., Caldwell, N. J. 
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CERAMIC TUBE SOCKET 


New UHF socket for G. E. #7077 
ceramic microminiature tube is par- 
ticularly useful in lumped-constant 
circuits, isolating input from output 





by clamping grid directly to chassis 
barrier. Other contacts are silver- 
plated beryllium copper, supported in 
high-strength low-loss plastic.—Jet- 
tron Products, Route 10 Hanover, 
N. J. 
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PRODUCTION SOLDERING UNIT 


Model 3374 Soldering Unit provides 
selectable temperature from 500° to 
750°F for heavy duty yet draws only 
100 watts input. Automatic control 





provides constant tip temperature for 
certified military soldering—Eder 
Engineering Co., Inc. 1568 So. First 
St., Milwaukee 4, Wisc. 
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INDICATOR LIGHTS 


Miniature indicator lights meeting 
MIL-L-6723 (ASG) accommodate 
AN3140 type incandescent lamps 
(Series L14,000) or NE2D neon 





lamps (Series L15,000). Latter ser- 
ies has built-in resistor for 115 v 
operation. Data sheet L-5a on request. 
—Hetherington, Inc., Folcroft, Pa. 
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MIDGET SIZE LAMPHOLDERS 


Superminiature lampholders to fit 
extra-small Tiny-lite bulbs are avaij. 








CANDELABRA MINIATURE 


able in many bracket styles for mini. 
aturized equipment. Data sheet on re. 
quest.—Drake Mfg. Co., 1711 W. 
Hubbard St., Chicago 22, IIl. 
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RF-IF AMPLIFIERS for military ap- 
plications, are described in 17-page 
catalog.—LEL, Inc., 380 Oak St., 
Copiague, L. I. N. Y. 


Circle 198 on inquiry card. 


DIGITAL TEST BUILDING BLOCKS are 
listed in new 4-page digital test equip- 
ment catalog.—Digital Equipment 
Corp., Maynard, Mass. 


Circle 199 on inquiry card. 


DIGITAL INSTRUMENTATION for 
counter-timers, frequency-period 
meters, time interval meters, de- 
scribed in 12-page catalog.—Computer 
Measurements Co., 5528 Vineland 
Ave., No. Hollywood, Calif. 


Circle 200 on inquiry card. 


MODULAR DIGITAL SYSTEMS and in- 
cluding shaft position encoders, read- 
out equipment, etc., are described in 
4-page bulletin—Datex Corp., 1307 
South Myrtle Ave., Monrovia, Calif. 


Circle 201 on inquiry card. 


DIGITAL MAGNETIC 3¢ Random Ac- 
cess Memory is described in 6-page 
bulletin TCM.—Computer Control Co., 
Inc., 92 Broad St., Wellesley 57, Mass. 


Circle 202 on inquiry card. 


DIGITAL VOLTMETERS and acces- 
sories are described in new 4-page 
Bulletin 106-D.—Cubic Corp., 5575 
Kearney Villa Rd., San Diego 11, 
Calif. 


Circle 203 on inquiry card. 


CARTESIAN TO POLAR coordinate 
converters, digital data transmission 
and X-Y recording equipment are de- 
scribed in series of 2-page catalog 
sheets.—Milgo Electronic Corp., 7601 
N. W. 37th Ave., Miami 47, Fla. 


Circle 204 on inquiry card. 








MICROWAVE AND ELECTRONIC 
EQUIPMENT for Military & Commer- 
cial Systems are described in 1959 
condensed 12-page catalog.—Sperry 
Microwave Electronics Co., Clear- 
water, Fla. 


Circle 205 on inquiry card. 


HIGH-SPEED DIGITAL PROCESSOR is 
described in new 6-page bulletin 
#3004. —Consolidated Electrodynan- 
ics, 300 N. Sierra Madre Villa, Pasa- 
dena, Calif. 


Circle 206 on inquiry card. 


FREQUENCY METERS. Coaxial and 
Waveguide models covering 3.5 to 40, 
000 mes ranges are described in 6- 
page bulletin 200. Polytechnic Re- 
search & Development Co., Inc., 202 
Tillary St., Brooklyn 1, N. Y. 


Circle 207 on inquiry card. 


SEFAR, new end-fire directional un- 
der-water sound source is described 
in new data sheet.—Acoustica Associ- 
-—, Inc., 26 Windsor Ave., Mineola, 


Circle 208 on inquiry card. 


TELERECORDING BATHYTHER: 
MOMETER Model 470 is described in 
4-page Engineering Bulletins.—Hy- 
tech Corp., 257 Killgore St., Playa 
Del Rey, Calif. 
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UNDERWATER ACOUSTICS—new 16- 
page Sonar facilities Brochure de- 
scribes current research, development 
and engineering projects in this field. 
—Electronics Div., Stromberg-Carl- 
_~ 1400 N. Goodman St., Rochester 
3, N. Y. 
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Miniature Servo Motor- 
Brake Design 


Reliability is the prime consideration in the pro- 
duction of Western Gear’s one-inch servo motor brake 
combination. Some of the important factors in the 
achievement of reliability are design, manufacturing 
capabilities and quality control. These three factors 
are inter-related and must function as a team. A sound 
mechanical design requires that production processes, 
manufacturing techniques and tooling play an im- 
portant role in the design considerations. The manu- 
facturing capabilities employed by the Electro Prod- 
ucts Div., Western Gear Corp. of Pasadena, Calif., 
include precision machinery, special tooling, environ- 
mental controlled assembly area, and many special 
machines jig and fixtures, especially developed to in- 
sure the design requirements being met. 

































Reliability of the servo motor with brake is further 
improved by encapsulation of the stator winding with 
anewly developed technique that allows the insulation 
of the stator to withstand a 1500 RMS high potential 
test between phases, as well as from either phase to 
ground. 

This insures reliable performance over a long period 
of operation with an ambient temperature variation 
of minus 55°C to 125°C. Higher temperature require- 
ments can be met, but must be engineered individually 
to specific applications for best results. 

Characteristics of the servo motor brake combina- 
tion include: 

1) Stall Torque, motor along 0.48 oz-in; 

2) size 1” dia x 1.85” long 

3) designed to meet MIL-E-5272 

4) operates from 115v 400 cps both phases 
5) nominal impedance 1450 + j1600 ohms 

The unit has a stainless housing, end bells and shaft, 
and can be produced with Size 10, Size 11, or one inch 
mounting. A design including an integrally mounted 
gear box with ratios up to 8000 to one is also avail- 
able. This gear box adds approximately one inch to 
the overall length of the unit. 

The addition of the brake does not change the 
linearity of the speed torque curve as the brake pro- 
duces a constant torque regardless of the operating 
speed of the unit. The brake value is set during manu- 
facture at a range of 0.03 to 0.1 oz-in with a setting 
tolerance of +0.01 oz-in. 
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INERTIAL GUIDANCE components, en- 
gineering reports are listed in new 
8-page pocket brochure.—Sterling 
Precision Corp., 17 Matinecock Ave., 
Port Washington, N. Y 


Circle 212 on inquiry card. 


LINEAR AND ROTARY ACTUATORS, 

400 cps and de, are listed in new 8- 

page Helco catalog of electro-mechan- 

ical equipment for Missiles and Air- 

craft.—Hoover Electric Co., Hangar 

— Columbus Airport, Columbus, 
io. 


Circle 213 on inquiry card. 


PRECISION-MADE SERVO MOTORS 
20-page specifications catalog No. 5000 
fully describes all basic models.—John 
Oster Mfg. Co., Avionic Div., 1 Main 
St., Racine, Wisc. 


Circle 214 on inquiry card. 


SERVO SYSTEM “Technical Informa- 
tion for Engineers,” (fifth edition), 
includes transfer functions and db- 
Log w plots, also engineering data on 
all company components, in new 48- 
page (8%”x11”) handbook, free on 
request.—Kearfott Co., Inc., 1500 
Main Ave., Clifton, N. J. 


Circle 215 on inquiry card. 


SYNCHRO DATA parameters of syn- 
chros and resolvers are given in 9” 
x 11” chart suitable for wall-mount- 
ing.—Theta Instrument Corp., 48 Pine 
St., E. Paterson, N. J. 


Circle 216 on inquiry card. 


ELECTRIC MISSILE SERVOS with 
characteristic performance curves are 
described in new 4-page brochure.— 
Lear, Grand Rapids Div., 110 Ionia 
Ave., N. W., Grand Rapids 2, Mich. 


Circle 217 on inquiry card. 


SERVOSCOPE MODEL H for analysis 
of servo systems is described in bul- 
letin TDS-100.—Servo Corp. of Ameri- 
ca, 20-20 Jericho Turnpike, New Hyde 
Park, L. I., New York. 


Circle 218 on inquiry card. 


MISSILE AND SPACE VEHICLE re- 
search and development is described 
in new 23-page facilities brochure, 
“General Electric’s Missile and Space 
Vehicle Department.”—General Elec- 
tric Co., Room 5C, 3198 Chestnut St., 
Philadelphia 4, Penna. 


Circle 219 on inquiry card. 


FLIGHT TESTS of X-15, First Manned 
Space Ship, are described in new issue 
of “Readout”.—Ampex Corporation, 
Instrumentation Div., 934 Charter St., 
Redwood City, Calif. 
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SILICON GLASS DIODES in general 
purpose and fast switching types are 
listed in new 4-page catalog with 
characteristic curves.—Silicon Tran- 
sistor Corp., Carle Place, L. L, N. Y. 


Circle 221 on inquiry card. 


GILIMOHE 


@ THRUST, WEIGHT AND FORCE 
MEASURING SYSTEMS 
e DIGITAL INDICATING, PRINTING 
AND RECORDING INSTRUMENTS 


@ CALIBRATING EQUIPMENT 
@ MULTI-RECORD AUTOGRAPHIC 


PLOTTERS For Strain Gages and 
Thermocouples 





@ DATA LOGGERS 





Model 176 Digital Indicator and Printer 


Permanently records weight, strain, 
temperature, pressure 





Direct are Digital on Indicators 


odels 143 and 


Measure ean fluid flow, tol rpm's ond 
other transducer outputs. Model 243 has a 3” 


Gilmore builds a complete line of 
precision electronic measuring and 


| 
| synchronized chart drive for permanent 
| 
| 
| 
| 
| 


data handling systems—from 
standard “off-the-shelf” compo- 
nents to complex custom instru- 


mentation. For information on our 
product line or custom engineer- 
ing service write Dept. M. S. 
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100 Channel Data Logging System 
For weight, strain, force, flow, pressure, temperature. 


Manvfacturers of: 





IGILMUOKE | 





recording plus digital readout. 





Portable Force Calibrator Model 170 
Calibrates existing weight, force and 
thrust measuring systems. 


Multi-Channel Plotters * Weighing Systems ¢ Thrust and Force Measuring Systems ¢ Strain 
Gage Instrumentation « Digital Indicating Potentiometers « Data Loggers 


Instrumentation Systems for Industry and Science 
INDUSTRIES, 














Regional Sales Offices: 2550 East Foothill, Pasadena, Calif., RYan 1-8349 


13015 Woodland Ave. + Cleveland 20, Ohio + RAndolph 1-6400 


Box 531, Media, Pa., LOwell 6-7228 


For more information circle 65 on inquiry card. 
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of attack r 


Volume 
Weight 
Speed 


Altitude 
Acceleration 


Shelf Life 
Vibration 


Detection 


Accuracy 


Target Scoring Devices 


Miss-Distance Measuring Systems designed by the 
Electronic Specialty Co., resulted from a study of the 
operational need of Scoring Evaluation Groups. The 
first design criteria was a system that would eliminate 
the need to modify the missile being appraised (by in- 
stalling a cooperative device). The second was that 
of having a simple, stable, reliable system. The third 
was a capability of Course Indication to permit angle 


ecognition. 


MDI | 


500 cu in (max.) 
13 Ibs (max.) 
Mach 0 to 10 
(Relative closing 
speeds 

100,000 feet 

150 G for 2 
seconds 

2 years 

Per customer 
requirement 


MDI Ill 


650 cu in (max.) 
16 Ibs (max.) 
Mach 0 to 10 
(Relative closing 
speeds) 

100,000 feet 

150 G for 2 
seconds 

2 years 

Per customer 
requirement 


Go-No-Go Detection Minimum 


Circles 


10% of range 


Course Indication No 


Intercept 
Detonation 
Indication 
Telemetering 
Required 


Upon customer 
request 


None 


miss-distance 
measurement in feet 
2% of range 

Yes 

Upon customer 
request 


2 Channels 


This unique system is less complex than most pulse 
or doppler radars, yet combines the best features of 
both. The system has the desired detection range 
without modifying intercept missiles, and will measure 
range with the requisite accuracy. Additional advan- 
tages are simplicity of design, high reliability, non- 
critical tuning, small size, light weight and low pro- 
duction cost. Complete MDI subsystems can be sup- 
plied to suit particular target vehicle environments. 
In many applications, the MDI transmitter can be 
used to telemeter the score back to the ground. Brief 
operational specifications of two typical systems are: 

(From 40-page facilities catalog, Bulletin AV-100, 
—Electronic Specialty Co., 5121 San Fernando Rd., 
Los Angeles 39, Calif.) 


For this literature circle 222 on inquiry card. 


BOOK REVIEWS 


NOISE IN ELECTRON DEVICES, by Louis D. 
Smullin and Hermann A. Haus, [cl1959], The Tech- 
nology Press Massachusetts Institute of Technology 
and John Wiley & Sons, Inc., 440 Fourth Ave., New 
York 16, N. Y., 411 p., clothbound, $12.00, 914”. 
Stresses mathematical theory and includes traveling- 
wave tubes, semiconductors, and transistors. 


APPARATUS AND METHODS OF OCEANOG- 


RAPHY, 


Part I, Chemical, 


[cl1959] Interscience 


Publishers, Inc., 250 Fifth Ave., New York 1, N. Y., 
341 p. 544” x 814”, $5.75. Working text and reference 
for departments of oceanography and marine biology. 
Simpler and better-known methods are fully explained, 
with attention also directed to advanced methods. Ap- 
pendix contains tables and subject index. 
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New Liferature—conr. 


AVIONICS PRODUCTS including static 
time delays, standard time delays, 
missile fuzes and programmers, auto- 
matic checkout equipment and voltage 
and frequency sensors are described 
in 40-page facilities catalog, AN-100. 
—Avionics Division, Electronic Spe- 
cialty Co., 5121 San Fernando Rd., 
Los Angeles 39, Calif. 
Circle 223 on inquiry card. 





ACCESSORY EQUIPMENT for Avi- 
ation Missile and Space-Craft indus- 
tries is described in new 26-page cata- 
log.—Lyndon Aircraft, Inc., 140-61 
Clifford St., Newark 5, N. J. 

Circle 224 on inquiry card. 


MISSILE TESTING and space-travel 

training equipment is described in 20- 

page catalog.—Guardite Div., Ameri- 

can-Marietta Company, Wheeling, III. 
Circle 225 on inquiry card. 


DIRECT WRITING RECORDER, mili- 
tary and scientific applications are 
described in new 16-page booklet.— 
Brush Instruments, 37th & Perkins, 
Cleveland 14, Ohio. 

Circle 226 on inquiry card. 


MISSILE EVENT RECORDER with ca- 
pacity of 21 channels of simultaneous 
on-off information is described in new 
spec bulletin No. 320.—Photron In- 
strument Co., 6516 Detroit Ave., 
Cleveland 2, Ohio. 

Circle 227 on inquiry card. 


EVENT RECORDER for 30-channel re- 
cording on 100 ft electro-sensitive 
paper rolls feature optional quick 
change to high chart speed to record 
faulty or erratic operations is dscribed 
in 4-page brochure.—Larson Instru- 
a Co., 24 Orchard St., Tarrytown, 
. Be 


Circle 228 on inquiry card. 


MAGNETIC TAPE UNIT to extend cap- 
abilities of RW-300 Digital Control 
Computer is described in new 12- 

page brochure.—Thompson-Ramo- 
Wooldridge Products Co., P. O. Box 

a Airport Sta., Los Angeles 45, 
alif. 


Circle 229 on inquiry card. 


THERMOCOUPLE SYSTEMS FOR AD- 
VANCED aircraft gas turbine engines 
are described in 16-page bulletin — 
General Electric Co., Section A-6073, 
Schenectady 5, N. Y. 

Circle 230 on inquiry card. 


WORD INDICATOR LIGHTS for fault 

or functions of missile ground sup- 

port or airborne equipment are de- 

scribed in 16-page “Roto-Tellite” bul- 

letin——Master Specialties Co., 956 

East 108th St., Los Angeles 59, Calif. 
Circle 231 on inquiry card. 


DIFFERENTIAL PRESSURE INDI- 
CATOR. Deltadyne, is described in 2- 
page Bulletin A-109.—Aircraft Por- 
ous Media, Inc., 30 Sea Cliff Ave., 
Glen Cove, N. Y. 

Circle 232 on inquiry card. 


X-Y RECORDERS and Autograf data 
reduction accessories are listed in new 
2-page catalog sheet D-4.—F. L. 
Moseley Co., 409 No. Fair Oaks Ave., 
Pasadena, Calif. 

Circle 233 on inquiry card. 


FIRE DETECTION systems to com- 
plete pneumatic systems for missiles 
and aircraft are described in new 12- 
page brochure.—Aviation Div., Wal- 
ter Kidde & Co., Belleville, N. J. 


Circle 234 on inquiry card. 


COMMUTATING SWITCH having 45 
air operated contact pairs is described 
with specs, also sample inquiry specifi- 
cation is included in new 2-page bulle- 
tin No. 8.030.—Electric Regulator 
Corp., Norwalk, Conn. 

Circle 235 on inquiry card. 


ENCAPSULATED TRANSFORMERS, 
400 cps Clipper Series for aircraft, 
servo and other miniature uses, are 
described in new catalog sheet.—Ster- 
ling Transformer Corp., 297 No. 7th 
St., Brooklyn 11, N. Y. 

Circle 236 on inquiry card. 


WIREWOUND PRECISION Series E 
resistors, % to 1 watt, with tolerances 
to %4% are described in new data 
sheet.—Precision, Inc., 4748 France 
Ave., N., Minneapolis, Minn. 

Circle 237 on inquiry card. 


MICA, CERAMIC and paper capacitors 
in the 1-to-20,000 uuf range are listed 
in new 6-page short-form catalog A- 
58.—Electro Motive Mfg. Co., Inc., 
Willimantic, Conn. 

Circle 238 on inquiry card. 


ELECTROLYTIC capacitors, Type BCD, 
for mounting on printed wiring 
boards are described in new product 
bulletin BCD.—Aerovox, New Bed- 
ford, Mass. 

Circle 239 on inquiry card. 


PROPELLANT ACTUATED DEVICES. 
Six types of powder-powered devices 
are illustrated and described in 4-page 
Form PAD-358.—Beckman & Whitley, 
Inc., 973 E. San Carlos Ave., San 
Carlos, Calif. 


Circle 240 on inquiry card. 


ATTENTUATORS, FIXED COAXIAL- 
MODEL 50 are described in 6-page 
brochure.—Weinschel Engineering, 
> Metropolitan Ave., Kensington, 


Circle 241 on inquiry card. 


LIQUID-HANDLING valves, special 

products and systems engineering fa- 

cilities are described in new 12-page 

catalog.—Koehler Aircraft Products 

Co., 409 Leo St., Dayton, Ohio. 
Circle 242 on inquiry card. 


GASEOUS OXYGEN FACILITY. 4-page 
illustrated brochure tells the story 
of gaseous oxygen testing of air and 
spaceborne components and systems, 
explains unique calibration of high- 
capacity mass flow meters.—Whit- 
taker Controls Div. of Telecomputing 
Corp., 915 No. Citrus Ave., Los 
Angeles 38, California 
Circle 243 on inquiry card. 











NOISE REDUCTION by use of Eckoys. 
tic Panels is explained in new 4-pag, 
Brochure, “Achievement in Acoustics” 
—The Eckel Corp., 155 Fawcett g¢ 
Cambridge 38, Mass. 7 
Circle 244 on inquiry card. 









SHOCK, NOISE AND VIBRATIoy 
CONTROL SYSTEMS are described jp 
12-page bulletin No. 714.—Lord Map. 
ufacturing Co., Erie, Pa. 
Circle 245 on inquiry card. 








AUTO-TRACER LATHE, Model 30 
described in an eight-page brochy 
—Jones & Lamson Machine 
Springfield, Vt. 

Circle 246 on inquiry card. 











CUSTOM RESEARCH, developme 
and product design services are ¢ 
scribed in 12-page brochure, “Creat 
Engineering”.—Westgate Laboratory 
Inc., Yellow Springs, Ohio. 

Circle 247 on inquiry card. 













VACUUM TUBE ANODES of coppe! 
cored Aliron are described in 9-p; 
data bulletin IND-19.—Metals & Cor 
trols Corp., Attleboro, Mass. 

Circle 248 on inquiry card. 











GLASS REINFORCED Alkyd Molding 
Compounds in continuous rope form 
for electrical insulating bodies are 
described in new 4-page brochure, 
“Glaskyd”.—Glaskyd, Inc., Perrys. 
burg, Ohio. 

Circle 249 on inquiry card. 







TWENTYFOUR CARAT Acid Bright 
Gold-plating complex, Orosene 999, is 
described in new 4-page brochure— 
Technic, Inc., P. O. Box 965, Provi- 
dence, R. I 

Circle 250 on inquiry card. 


FLEXIBLE MINIATURE COUPLINGS 

and shaft joints are listed in new 

4-page data bulletin—Fourdee, Inc. 

P. O. Box 6006, Orlando, Fla. 
Circle 251 on inquiry card. 


SELF-SEALING FASTENERS and seals 

are listed with MIL-Specs in new 12- 

page catalog—A.P.M. Corp., 282 

Hawthorne Ave., Yonkers, N. Y. 
Circle 252 on inquiry card. 


METALLIC STATIC SEALS for rocket 
engines, actuators, valves, hose con- 
nections, and tube fittings, listed in 
Eng. Bulletin No. 104.—Cadillac Gage 
Co., West Coast Div., Costa Mesa, 
Calif. 





Circle 253 on inquiry card. 


TEFLON CLAMPS, wedge seals, sup- 
ports and other solutions for elec- 
tronic harness problems are contained 
in new 94-page 8144”x11” engineering 
design manual. Free on request.— 
Mfg. Corp., 4607 Alger St., Los 
Angeles 39, Calif. 
Circle 254 on inquiry card. 


MILITARY SYSTEMS DESIGN 








